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PREFACE 


In presenting this treatise, on “Modern Aviation Engines,” the writer 
realizes that the rapidly devalo^tirg art makes it difficult to outline all 
latest forms or describe all current engineering practice. This exposition 
has been prepared primarily for instruction purposes and is adapted for 
students who wish to become aviators or aviation mechanicians, and 
for mechanics in other lines who wish to enter the aviation industry 
as experienced aviation engine maintenance and repair men. Every effort 
has been made to have the engineering information accurate, but owing to 
the diversity of authorities consulted and use of data translated from 
foreign language periodicals, it is expected that some errors will be present. 
The writer wishes to acknowledge his indebtedness to many firms for 
photographs and helpful descriptive matter and endeavor has been made in 
every case to give credit to the firm furnishing such data, also to experts 
in various lines that have been quoted in this treatise. Special attention 
has been paid to instructions on tool equipment, use of tools, trouble 
“shooting” and engine repairs, as it is on these points that the average 
aviation student is weakest. Oidy such theoretical consideration of thermo- 
dynamics as was deemed absolutely necessary to secure a proper under- 
standing of engine action (after consulting several experienced instructors) 
is included, the writer’s efforts having been confined to the preparation of 
a practical series of instructions that would be of the greatest value to 
those who need a diversified knowledge of internal-combustion engine 
construction, operation and repair, and who must acquire it quickly. The 
engines described and illustrated are all practical forms that have been 
fitted to airplanes capable of making extended flights and may be considered 
fairly representative of the present state of the art. 

Considerable space is devoted to the leading war-time engines in both 
the water- and air-cooled forms because some of these are still in use and 
also because these are the types from which our present day perfected 
engines have been developed and a review of their characteristics should 
be of value in showing the reader what has been done in the past, so he 
can better understand the possibilities of the future. As aviation and the increas- 
ing use of aircraft has practically eliminated national boundaries, this 
book has been made international in scope and many practical and success- 
ful European engines have been illustrated and described along w r ith our 
own American product. 

Victor W. Page. 
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One of the most important branches of aeronautical engineering is that 
dealing with powerplant design, construction, installation and repair and 
aeronautical engineers may be divided into two main groups, “plane” men 
and “engine” men. The division of the engine men is in three main classes; 
designers, builders or production men and field men who are concerned 
with installation, maintenance and repair. Specialists in any of the sub- 
divisions find that it takes all their time to become familiar with the many 
phases of the subject they arc interested in. While the author has had a 
broader experience than many of the specialists, it is only because he has 
been identified with aviation since its inception and because of particularly 
fortunate circumstances while serving on Ihe Staff of the Chief of the 
Air Corps during the World War, which offered unexcelled opportunities 
to obtain experience on a larger scale than normal peace time activities 
permitted. 

Regardless of this experience, the author has found it desirable and 
even necessary to consult other authorities and specialists in order to check 
up on his own opinions and experience and every effort has been made in 
this treatise to present both sides of every controversial subject. The 
reader may select the line of reasoning that best applies to the case under 
consideration and no matter what he finally accepts, he will find ample 
authority as a basis for his line of thought. In preparing this work the 
author has made references to the authority responsible for the opinions 
or information presented and in every case due acknowledgment is made 
in the text to the expert quoted, when the opinions are not those of the 
author. 

There are many sources of aeronautical data at the present time besides 
the manufacturers of airplanes, engines and auxiliary apparatus. Govern- 
ment documents and publications of the Engineering Division, U. S. Army 
Air Corps, with laboratory facilities at Wilbur Wright Field, Dayton, Ohio; 
and also those of the National Advisory Committee for Aeronautics, Wash- 
ington, D. C. ; have been consulted freely and brief excerps and abstracts 
from these public documents have been used to bring out points in the 
text that were considered in greater detail in reports of experts and spe- 
cialists. The United States lUireau of Standards, and the United States 
Department of Commerce, Washington, D. C, have also published much 
valuable data in the form of reports issued in co-operation with the Govern- 
ment agencies previously mentioned. 

The membership of the Society of Automotive Engineers, Inc., includes 
many aeronautical experts and specialists and much valuable data has been 
published in the S . A . E. Journal on aviation and kindred subjects. The 
publications Aviation and Aero Digest of New York City were also of great 
value and references to editorial opinions and descriptions of aircraft en- 
gines, have also been included to justify and support some of the opinions 
of the author. Such leaders in the industry as the Goodyear-Zeppelin Co., 
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Akron, Ohio; the Curtiss Aeroplane and Motor Company, Inc., of Garden 
City, New York; Packard Motor Car Co., Detroit, Mich.; the Wright 
Aeronautical Corporation, Paterson, New Jersey; Pratt & Whitney 
Aeronautical Corporation. Hartford, Conn.; as well as numerous other 
firms whose products are described in the text, furnished valuable illus- 
trative and descriptive data. The Bureau of Aeronautics, U. S. Navy and 
the Information Section, U. S. Army Air Corps, also furnished material 
pertinent to service planes, airships, and engines. A number of early en- 
gines were described in Angle's Airplane Engine Encyclopedia which was 
also referred to in preparing this volume. 

The writer desires to acknowledge the valuble assistance obtained from 
the sources mentioned as they have greatly supplemented the material in 
the original aviation engine instruction papers prepared for students and 
Army mechanics during the late War and the author's experience in avia- 
tion since its inception over two decades ago that forms the ground work 
for this treatise. The character of co-operation obtained cannot fail to 
promote knowledge of aviation and proper public appreciation of its great 
possibilities. 

'The public spirit and enthusiastic co-operation of the publisher of this 
treatise m going to an unusual expense in financing extended research w ork 
of the author and for the numerous excellent special illustrations that 
accompany the text, in order to help the cause of aviation and also in 
giving the writer carle blamhc in the preparation of an unusually complete 
work without allowing purely business reasons to limit the size and scope, 
is also worth) of comment and appreciative acknowledgment. 

Victor W. Pack. 
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SMALL AIR-COOLED ENGINES 
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Installation — Instructions for First Run — Scorpion Engine Inspection — Running 
Engine — Daily Inspection — Instructions for Top Overhaul — Removing Cylinder 
Unit — Reassembly of Cylinder Unit and Pistons — Dismantling Engine — Re- 
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Henderson Conversion. — The experimenter with small and light air- 
planes has been somewhat handicapped in the past because of the lack of 
a simple, efficient and economical engine of small capacity and converted 
motorcycle engines have been used in experimental work. These have not 
always been satisfactory because they were heavy in proportion to their power 
output though much superior to any of the small automobile powerplants 
available for the purpose. Most motorcycle engines were deficient in 
power output and special aircraft engines were too expensive. The Hen- 
derson four-cylinder “De Luxe” model motorcycle engine possesses many 
of the characteristics of a first-class light plane engine, and by evolving a 
special conversion that allows the propeller to be driven direct from the 
crankshaft, the Heath Company have made it possible to use this low 
priced and popular engine successfully in their “Parasol,” a light weight 
sport monoplane. All Henderson motors, furnished as stock equipment 
on “Parasol,” are equipped with high pressure oiling system. They have 
been run for many hours on the test block and in planes, giving them a 
severe test, and have been found to stand up remarkably well. Henderson 
engines were used in many light plane races in the past few years, and 
have stood the test. They are remarkable little engines that are unusually 
well suited for use in inexpensive sport planes. It is said they will drive 
the plane 35 miles on a gallon of gasoline. The Henderson “De Luxe” 
motor develops 23 horsepower at 3,000 r.p.m., and weighs complete with 
propeller only 117 pounds. It is low in upkeep because it uses standard 
motorcycle engine parts that are obtainable in any part of the country. 
The engine is so well known as used in motorcycles that a detailed de- 
scription is not deemed necessary. The accompanying illustration Fig. 465 
shows a Henderson motorcycle engine with special Heath propeller and 
propeller conversion, installed in Heath “Parasol” fuselage. The engine 
mounting employed is so simple that the mounting can be completely dis- 
mantled by removing only four bolts. This makes it possible to adapt it 
to different types of engines without great structural changes. A fuel tank 
of 3.3 gallons capacity is fitted in the center above the wings. 

While the Henderson motorcycle engine is ideal for sport use, it is 
often desirable to use a more powerful engine to obtain greater speed, where 
the plane is used for exhibition work. Where such superperformance is 
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desired, and where cost is no object, the Wright-Morehouse engine, de- 
veloped especially for light plane use has been recommended by sonie 
authorities. This engine is of the two-cylinder opposed type, air-cooled, 
and develops 29 horsepower at 2,500 r.p.m. It weighs but 89 pounds, and 
due to its peculiar design it is easily and effectively streamlined when in- 



Fig. 465. — How Henderson Motorcycle Engine with Special Conversion is Installed 
in Heath “Parasol” Monoplane. The Top View Shows Complete Fuselage and Rela- 
tion of Engine Supports to Other Parts of the Structure. The Lower View is the 
Close-Up of the Engine, the Small Size of Which Can be Understood by Comparing 

it with the Magneto. 
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stalled in a small plane. The Wright-Morehouse engine has met with great 
success in recent air races and has proven reliable and efficient, but at this 
writing it is not yet in large scale production but it is expected that the 
demand will increase and warrant the manufacturers in producing this effi- 
cient and well designed engine in quantities. 

Wright-Morehouse Engine. — This is a light opposed cylinder type de- 
signed especially for light airplanes. It is clearly shown in the sectional 
engineering drawing at Fig. 466 which outlines all details clearly for the 
technical or engineering student. The cylinders are cast iron with integral 
cooling fins and valve seats. They are attached to the crankcase through 
the cylinder flange, about half way up the barrel, their location being made 
by two pilots, one at the flange and one at the end of the barrel. Between 
these two pilots the crankcase is cored to form closed passages when the 
cylinder is in place. Bypass oil from the pump is led into these passages 
serving to cool the cylinder skirts before returning to the sump. Tulip 
shaped valves are used, both intake and exhaust having ample diameter 
and lift. The valve springs are helical and made from special heat treated 
spring steel wire. Adjustable push rods with ball and socket joints at each 
end actuate the forged steel rocker arms. Case hardened steel cam 
followers operate directly on the camshaft. The push rods are so recessed 
in their sockets that they cannot come out in flight, while the rScker arms 
are supported on individual forged brackets studded into the cylinder heads. 

The crankshaft is a steel drop forging, counterbalanced to reduce vi- 
bration, and having two throws at 180 degrees. It is drilled for oil pas- 
sages, giving pressure lubrication to all bearing surfaces. The camshaft 
is mounted directly over the crankshaft and parallel to it. The camshaft 
gear is integral with the shaft and is driven by one idler gear at half engine 
speed. The idler gear is extended to form the tachometer drive connection. 
The camshaft and idler gear are both assembled through the rear cover 
plate. Both crankshaft and camshaft are mounted on large plain bearings 
of ample size. These bearings are grooved for oil passages to the crank- 
shaft and crankpin bearings. The crankcase is an aluminum casting of 
especially clean lines. 

The connecting rods are of forged duralumin and are of H section. The 
wristpin bushings are of bronze, shrunk into the connecting rod. The 
crankpin bearings are babbitt applied directly to the rods. The pistons 
are the straight cylindrical type, made of aluminum and having crossed 
ribs supporting the flat piston head. Four rings, three above and one 
below the piston pin, are used. The hollow piston pins float in both rods 
and the pistons, bronze end plugs being used to prevent cylinder scoring. 
The piston pins and cylinder walls are lubricated by oil spray from the 
crankpin bearings. 

A gear pump in the cover plate gives force feed lubrication to the main 
and connecting rod bearings, idler gear bearing, and camshaft bearings. 
The sump is equipped with an oil level indicator, oil strainer, and thermom- 
eter connection. Cooling fins are cast on the bottom to keep the oil 
temperature correct. The sump holds about three quarts of oil and is 
filled through the breather. A single Scintilla magneto, driven direct from 
the rear end of the camshaft, fires a single plug in each cylinder. An 
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impulse starter coupling between the magneto and the camshaft, insures 
a quick turn for the magneto in starting. The fuel mixture is supplied by 
a special carburetor through an oil jacketed elbow attached to the rear 
cover plate. Individual manifolds carry the mixture to each cylinder. Four 
holding-down bolts fasten the engine to the bearers. All the controls are 
at the rear of the engine, thus simplifying the installation in the plane. 




Fig. 466A.— The Lincoln Rocket, Formerly the Wright-Morehouse Two Cylinder 
Aviation Engine. At Top— Rear View Showing Ignition Magneto and Carburetor. 
At Bottom— Engine Viewed from Propeller End. 
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SPECIFICATIONS— LINCOLN ROCKET 


Bore 375 in. 

Stroke 3.625 in. 

Displacement (1.31 liters) 80 cu. in. 

Compression ratio 5 : 1 

Rotation anti-clockwise • 

Weight, dry 89.5 lb. 

Power at 2500 r.p.m.; average 29 hp. 

guaranteed 25 hp. 

Fuel-consumption at 2500 r.p.m.; average 2 5 gal./hr. 

guaranteed 0.55 Ib./hp.-hr. 

Shipping weight 155 lb. 



Intake 

jHiiVtatafce valves 
Carburetor 


Mr £ 

y .^-Anchoring lug \ 



Fig. 467. — The Mercedes-Benz Twenty Horsepower Two-Cylinder Engine is a High- 
Speed Type with Geared Propeller Drive. 
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Mercedes-Benz Type F-7502 Engine. — The underlying principle of the 
design of this engine, in the construction of which use is made exclusively 
of materials of the highest quality, was to create for small sports airplanes 
a particularly light, simple, and thoroughly reliable machine, on which the 
pilot could rely absolutely in all circumstances. When the “Mercedes- 
Benz” Works undertook the task of putting this principle into practice, 
they did so with the assistance of an experience of many years in the con- 
struction of engines and aircraft and the engine illustrated at Figs. 467 and 468 
is the result of this development. The chrome-nickel steel crankshaft 
works in a crankcase made of Silumin, in which it runs in two roller bear- 
ings. The two steel cylinders have a bore of 75 millimeters and a stroke of 
100 millimeters. They are opposed diametrically, screwed horizontally 
into the crankcase, and fitted with grey cast-iron cylinder heads. In each 
cylinder head are fitted two chrome-steel inlet an two chrome-steel exhaust 
valves, which are operated by a camshaft running in the crankcase, through 
tappet rods and rockers. The camshaft, as well as the “Bosch” magneto ig- 
nition and the geared oil pump, are driven by spur gearing from the crank- 
shaft. The cooling of the ribbed cylinders is effected by air circulation, 
while provision is made for the lubrication of the crankshaft and of all 
transmission parts by means of a geared pump located in the bottom half 
of the crankcase, which receives a constant supply of fresh oil from a small 
piston pump. The oil which collects in the bottom part of the crankcase 
returns to the oil pump after purification in an oil strainer. The aluminum 
pistons are lubricated by splash lubrication. The fuel is supplied through a 
“Mercedes-Benz” carburetor with main and slow running jets. The air re- 
quired by the carburetor is drawn in through a preheater fitted on the 
crankcase, in which it is heated before its admission into the carburetor. 
The crankshaft drives the propeller through the intermediary of a planetary 
gear with a ratio of three to one. This engine is used on the Klemin- 
Daimler monoplane, which has made remarkable flying records. 

The principal dimensions and working data are supplied by the follow- 
ing table. 


Number of cylinders 2 

Bore 75 mm. 

Stroke 100 mm. 

Capacity of cylinders 884 cc. 

Length 590 mm. 

Width 775 mm. 

Height 470 mm. 

Normal speed of the crankshaft 3000 r.p.m. 

Normal speed of the propeller 1000 r p.m. 

Power output 20 hp. 

Power output in an atmospheric density of 1.25 21 hp. 

Fuel consumption per hp.-hoiir 300 grams 

Oil consumption 19 grams 

Weight of the engine without oil or propeller 48 kilos 

Capacity for oil 1.7 liters 


The Bristol “Cherub” Engine. — This is a very popular engine for light 
airplanes in England. The engine has recently been submitted successfully 
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to the latest British Air Ministry 100-hour Type tests. It completed this 
test in ten nonstop periods of ten hours each, without any hitch, stoppage, 
adjustments or replacements. On the last hour, the engine held 36.6 brake 
horsepower at 3,200 r.p.m. The average fuel-consumption throughout the 
test was .586 pints per brake horsepower per hour and the average oil con- 
sumption .026 pints per brake horsepower hour. At the conclusion of the 
test, the engine was stripped and found to be generally in excellent condi- 
tion. The Bristol “Cherub” engine is of the two-cylinder opposed type and 
has a total swept volume of just under 1,230 cubic centimeters. 

The crankshaft is a case hardened alloy steel stamping of ample dimen- 
sions, carried in four bearings; the crankcase is an aluminum casting, split 
vertically on the engine center line and provided with separate front and 
rear covers. There are three main bearings. The front one is of the deep 
groove type, located in the nose of the conical front cover, and transmits 
the propeller thrust from the crankshaft to the case. The other two are of 
the double row self aligning type, and situated adjacent to the crank throws, 
one in front and the other in behind, and are housed in the front and rear 
half crankcases, respectively. The tail end of the shaft is supported in the 
rear cover by a plain white metal bearing which provides an oil seal, 
allowing oil to be supplied through the hollow tail end and drilled oilways 
to the big end of the bearings. On the shaft between the two rear bearings, 
a spur wheel and two spiral gear wheels provide drives for the camshaft, 
tachometer and magneto and oil pump, respectively. 

Connecting rods are alloy steel forgings with hardened liners, pressed 
into the big ends, the proportions of which are such that the rods may be 
threaded over the shaft. When in position, the split bronze floating bushes 
are inserted and the two halves secured to each other by high tensile steel 
screws which are locked by split pins. The pistons are of aluminum alloy, 
fitted with three rings, the lower one of which serves as a scraper and re- 
turns surplus oil from the cylinder walls through drain holes in the piston 
skirt. The hollow gudgeon pins float, both in the piston bosses and in the 
connecting rod small ends and are located endways by bronze buttons 
pressed into their open ends. 

The cylinders have steel barrels, but the inlet and exhaust passages are 
formed in the aluminum alloy heads which also carry the screwed-in alloy 
steel valve seats, valve guides, valves and springs. A deep spigot for the 
head is provided on the barrel with a flange to which the head is bolted by 
a copper ring spigotted and very carefully fitted in annular grooves cut in 
the head and barrel flanges. As the rates of expansion of aluminum and 
steel are different, great difficulty is usually encountered in the mainte- 
nance of a really gas-tight joint with this type of head. In the Cherub 
heads, this difficulty has been entirely overcome by inserting packing pieces 
of a special alloy, having an unusually low rate of expansion, between the 
cylinder heads and the heads of the securing bolts. This arrangement, 
combined with the copper ring joint, has proved so satisfactory that the 
ends of the bolts are riveted over their nuts, the head and barrel being 
regarded as one unit which need never be disturbed. The cylinders &re 
secured to the crankcase by a spigotted and flanged joint, a packing ring 
'serving to make the joint oil tight. 
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Inlet and exhaust valves are of cobalt-chrome steel and are inter- 
changeable, and three concentric springs are used on each valve. The valve 
operating gear is somewhat unusual and has distinctive features of con- 
siderable importance. The camshaft, which, with its four cams is machined 
from the solid, runs across the crankcase below the crankshaft and is driven 
by plain spur gears of ample dimensions. The cams are of the constant 
acceleration type. The valves are operated by rocker shafts which run 
parallel to the cylinder. 

The carburetor is a special type of Zenith with hand operated altitude 
control of the extra diffuser air type and is bolted to a cast aluminum in- 



Fig. 469. — The Bristol “Cherub” Aviation Engine, an Efficient English Design for 

Low- Power Sport Planes. 
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duction “T” piece which is attached by studs and nuts to a broad facing- 
on the underside of the magneto and pump housing on the rear cover. The 
throttle and magneto advance and retard are inter-connected by a suitable 
arrangement of levers and links. The altitude control is independent except 
that it is closed automatically if the throttle is closed. The air intake to the 



Fig. 470. — Showing Method of Installing Bristol “Cherub” Engine in the Johnson 
Twin 60 Biplane in which One Engine was Used on Each Side of the Fuselage, 
Suspended by Engine Bed Between the Wings. 

carburetor is an exhaust jacketted steel elbow. The induction pipes run 
from the “T” piece parallel to the cylinders and are fitted into it with 
airtight expansion joints, and are provided with bosses to take primer jets. 
The engine is mounted from screwed extensions on the ends of the four 
crankcase bolts at each corner of the crankcase. A standard connection 
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for a tachometer is arranged on the port side, above the magneto. This 
engine is shown at Fig. 469. The cylinder bore is 3.5 inches, the stroke 
3.8 inches. It has a piston displacement of 75 cubic inches. The com- 
pression ratio is 5.5 to 1. The dry weight is given at 100 pounds, or 3.1 
pounds per horsepower. The length is nine inches, the width 25.5 inches 
and the height twenty inches. The center to center of engine bearers is 
7.4 inches. 

The method of installation on the Johnson Twin 60 Biplane, where the 
motors are carried between the wings and drive pusher air screws is clearly 
shown at Fig. 470. The simple mounting of steel tubing supports and 
braces can be easily seen, support tubes extending from the rear wing 
spar near the strut fitting and bracing members of triangular 'form joining 
the front and rear interplane struts. The fuel tanks arc carried in the 
upper wing, the wedge-shaped oil tank is placed ahead of the motor crank- 
case as shown. 

The A. B. C. 34-40 Brake Horsepower “Scorpion” Mark II. — This twin- 
cylinder, horizontally opposed, air-cooled engine, has been specially de- 
signed for use in light airplanes, hydro-gliders, etc., and is a good example 
of English design said to be in excellent balance mechanically and singu- 
larly free from any periods of vibration. Normally the engine is a “tractor,” 
running clockwise looking from the cockpit, but it can be supplied as a 
“pusher” if required, and in this form it has been mounted in machines and 
flown successfully. 

Crankcase. — The front view of the engine at Fig. 471 clearly illustrates 
the general construction of the crankcase, which is all in one piece. There 
is an entire absence of joints which necessitate numerous bolts and Huts, 
with the result that the crankcase is exceptionally strong, light and clean. 
At the bottom, integrally cast, is the induction manifold, which by reason 
of its position, serves the dual purpose of heating the mixture and cooling 
the oil. Cast aluminum elbows make the connection between the inlet port 
and manifold. A simple and efficient rubber joint is fitted at the crankcase 
end of elbow which adjusts itself to any cylinder expansion. 

Cylinders. — The cylinders are machined from solid steel bar with the fins 
formed integrally, and are perfectly symmetrical, great care being exercised 
in the finishing process. The cylinder heads are of cast iron, liberally finned. 
They are detachable, and have two valves of large diameter identical in size. 
The inside of the head and top of piston are of hemispherical shape, so 
forming a partial spherical combustion-chamber. Two sparking plugs are 
fitted to each head for duel ignition. It will be noticed that by simply re- 
moving the nuts of the cylinder foot studs and those fixing the induc- 
tion pipe to the crankcase, the whole of the cylinder unit, complete with 
induction pipe, can be taken away in one piece as shown at Fig. 472 B so 
that in a few minutes the interior of the engine, piston, connecting rods, 
crankshaft, big end bearings, etc., can be exposed for inspection. The 
valves, which are of high tensile steel and interchangeable, are operated 
through the medium of rockers and tubular tappet rods, the rockers them- 
selves being mounted upon hollow pins of ample dimensions containing a 
reservoir of oil. 
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Crankshaft, Connecting Rods and Pistons. — The crankshaft, a unit of 
vital importance, has received special attention, and the makers* experience, 
extending over many years, has proved the efficiency of this type. Ma- 
chined from the solid out of a one piece high-tensile steel forging it is 
finished very short and stiff. It is designed to reduce the couple to a mini- 
mum, with the result that the engine is exceptionally steady at all speeds 
and free from vibration. The crankshaft assembly is shown at Fig. 472 A. 



BACK VIEW OF ENGINE 



T 


FRONT VIEW OF ENGINE 


Pig. 471. — Views of ABC “Scorpion” Light Plane Engine, an Efficient and Popular 
British Design of the Flat Twin Type. 
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The connecting rods, though unusually light in construction, are also ex- 
ceptionally strong, the complete rod being formed from a one piece forging 
of the same high grade steel as the crankshaft. The pistons are of alumi- 
num alloy, fitted with two rings at the top only, the bottom one forming 
a scraper. The gudgeon pin is of generous dimensions, and is fixed to the 
connecting rod by means of a cotter bolt, nut, and split pin. 

The big end bearings are of the plain, floating bush type. These bushes 
are of bronze and of patented design. They are split longitudinally, and 
each half is placed in position after the connecting rod has been threaded 
over the crankpin. The halves are joined by high-tensile steel screws 
which arc locked by steel wire. The joint of these bushes is so arranged 



Fig. 472. — Crankshaft and Cylinder Unit of ABC “Scorpion” Engine. 

that the full load does not tend to burst the joint, the screws being likewise 
relieved of this bursting load. Oil is fed to the big end under a pressure 
of 40 to 60 pounds by means of holes drilled through the crankshaft. All 
the other bearings are of the ball or roller type, and are of ample propor- 
tions. The thrust bearing is also of the ball type, and is located between 
two roller bearings at the forward end of crankshaft. This construction 
is clearly shown at Fig. 473. 

Camshaft. — The camshaft, which is machined and finished with the 
cams integral, is very short and stiff, and having one exhaust and one inlet 
cam to serve two cylinders, synchronization of timing is easily obtained. 
Roller type tappets are fitted and slide in duplex plain bearings. 

Lubrication. — Oiling is of the dry sump principle, there being both a 
pressure feed pump and a scavenging pump. These pumps are located 
on the rear cover of the crankcase, and are of the rotary type, simple in 
construction, efficient and dependable. The arrangement of these two 
pumps can be seen from the illustration showing the back of the engine. 
The connection for a revolution indicator is also fitted on the rear, and is 
to the Air Ministry standard, running at quarter engine speed. The oil is 
fed to the crankshaft by means of a plain bush which is located on the rear 
cover of the crankcase, and is easily detachable. 

Ignition. — Ignition is provided by a B.T.H. magneto, of special design, 
fitted with impulse starter, and giving two sparks to each cylinder. The 
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magneto is inter-connected with the throttle and arranged so that full 
advance is effected at quarter throttle and over. 

Carburetor. — The carburetor specially designed for this engine, is a 
Zenith double-choke triple-diffuser type, and is bolted directly to the crank- 
case. On the air intake is fitted an exhaust heater which is connected to the 
exhaust elbows by pipes with gas-tight joints. 

The leading particulars of the engine are as follows: 


Number of cylinders 2 

Bore 4.01 5 — 102m/ m 

Stroke 3.6 in. — 91/44 m/m 

Capacity 1500 c.c. 

Normal B.H.P 34 — actual 35 

Normal Speed 2300 r.p.m. 

High Power B.IT.P 38.3 

High Power Speed 2550 r.p.m. 


40 

. . 2750 r.p m. 

. . .52 pts. B.H.P. hour 


Maximum B.H.P. (fur short bursts of five minutes) 

Maximum S^ed 

Petrol Consumption 

Fuel rccommendcd-Mixture 80% Aviation, 20% Benzol — 

specific gravity ... 768 

Oil (Cn.smnptinn 04 pts. B.H.P. hour 

Oil recommended Castrol R. 

Oil Pressure — normal running 40-60 lbs. 

Weight, complete with magneto, carburetor and propeller 

boss 109 lbs. 


Remarks on Installation. — The engine may he fitted in a manner similar 
to radial mounting — direct to bulkhead — or fixed by means of brackets 
direct to longerons. Four Jg-inch diameter reamed holes are provided for 
installation purposes. See installation drawings Figs. 474 and 475. The oil 
tank should be large enough to contain at least one quart of oil more than 
is required for the longest intended flight. This can be determined from 
the consumption, which is \% pints per hour. The oil tank should be 
located as near as possible to the engine, above the pressure pump, so as 
to reduce skin friction in the pipe line, and at the same time reduce the 
lengths of oil pipes to a minimum. 

All oil pipes should either he of flexible material or properly arranged to 
withstand vibration. The makers strongly advise use of flexible pipe. The 
main feed pipe to delivery pump should be at least ^6-inch clear bore. 

An oil cooler should be inter-connected between the crankcase and 
oil pump, and should he of such proportions that the oil temperature from 
the scavenger pump to tank does not exceed 50 degrees Centigrade. The 
approximate rate of oil circulating at normal speed is twelve gallons per 
hour. The oil gauge used should he capable of taking an overload up to 
160 pounds per square inch, as in starting from cold the oil pressure will 
be high until the engine has warmed up. 

A good deal of the efficiency depends on the suitability of propeller used. 
The makers supply a propeller which has given good results on both a 
monoplane and biplane, competing under conditions of utility and not 
purely speed purposes. 

Instructions for First Run after Installation. — 1. Bolts and Nuts: — 

Examine all bolts and nuts and see that thc^’ are quite tight and satisfac- 
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torily locked, especially those relating to any parts which might have been 
dismantled either for purposes of transit, or for facilitating installation. 

2. Valve Clearances: — Examine clearances between valve and rocker, 
and, if necessary, adjust both inlet and exhaust to .010-inch when cold, 

3. Magneto timing: — If magneto has been removed for any reason, 
this should be timed to fire 45 degrees when fully advanced. This timing 
is with the impulse starter inoperative, and to effect this the engine should 
be slowly turned over until the impulse starter is observed to snap, then 



Pig. 473.— 1 The “Scorpion” Engine and Propeller Ready for Installation in Light Plane 
is Shown at A. Interior View of Detachable Cylinder Head Shown at B. Practical 
Light Plane Suitable for “Scorpion” Powerplant Shown at C. 

slowly reverse the engine until the cam is opening the contact breaker 
points. This is the true time of firing for speeds above slow running. 

4. Controls : — Examine magneto and carburetor controls which are 
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interconnected. These are so arranged that at third throttle opening and 
over, the magneto is fully advanced and completely retarded when throttle 
is closed. See that both full throttle and closed throttle positions can be 
obtained. 

5. Pipe Connections : — Make sure that all oil pipe connections are 
correct and that there are no air leaks on those pipes connected to oil pumps. 

6. Valve Rockers: — Oil valve rockers by means of the oil gun provided 
with tool kit. Grease ball ends of tappet rods. Smear grease over tops 
of valve stems. 

7. Starting Engine: — Turn propeller by hand (making sure first that 
ignition switch is off) until at least 60 pounds per square inch of oil pres- 



Fig. 473D. — Longitudinal Section of “Scorpion” Engine Showing Ball Bearings and 

Thrust Bearing Assembly. 

sure is showing on oil indicator. This is a safe indication that connections 
are correct. 

8. Sec that the wires to sparking plugs are suitably supported and that 
there is no danger of chafing through, or being burnt by contact with 
some part of the cylinder or head. 

9. Engine should now be ready for starting. To facilitate starting 
first of all flood carburetor and then suck in a good charge on full throttle, 
with air intake restricted. Close throttle and after switching on ignition 
the engine should start with first pull. 

10. Oil Pressure: — Let engine idle for three minutes to allow oil to 
circulate, and watch oil indicator which will probably read about 90 
pounds per square inch, with the oil cold. Open up engine to about 1,600 
r.p.m., and allow to get properly warmed up. When thoroughly warm 
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the oil pressure should be about 60 pounds per square inch, and should 
never be allowed to fall below 40 pounds per square inch. Oil pressure is 
controlled by a release valve on oil distributor on rear of engine, which is 
properly adjusted before engine leaves the factory, but should the pressure 
be affected by the type of oil used, adjustment can be effected. Oil recom- 
mended is Castrol R in summer, Castrol C in winter, or pure Pharmaceu- 
tical Castor Oil. Castrol is a mixture of mineral and castor oils. 

11. Running Engine: — When engine is thoroughly warmed up and 
everything is satisfactory, the engine may be slowly run up to full throttle 
to check the stability of mounting, etc. However, full throttle running on 
the ground should not exceed three minutes duration, as it must be remem- 
bered that the engine is not receiving its normal cooling until it is in actual 
flight. 

12. Stopping Engine: — Shut down the engine in the following man- 
ner: — Close throttle to slow running position and allow to idle for two 
minutes, then SAvitch off or sIoav right down and turn off fuel, and alloAv 
engine to stop through lack of gasoline. 

13. Examination After Running: — After shutting down examine the 
engine all over as follows : 

a. There should be no oil or fuel leaks, and all joints should be tight. 

b. The cylinders will be quite hot. and all securing nuts should be 
tight and also cylinder head bolts should be tight. 

c. There should be no shake in the propeller hub, and all hub bolts 
should be tight. 

d. The lubrication system should be completely drained, and all 
filters cleaned and replaced, and tank refilled with fresh oil. 

14. Carburetion : — All engines are tested on a standard test propeller, 
and the jet settings in the carburetor sent with the engine are those which 
secured smooth running at all speeds during test. The throttle is adjusted 
to give slow running at about 8(X) r.p.m. It is inadvisable to set the adjust- 
ment below this speed, as this is a very sensitive position of the throttle, 
and should the adjustment be set much lower there is a possibility of the 
engine stopping when closing the throttle quickly. It is possible, how- 
ever, owing to the different conditions, when the engine is installed in the 
machine, that some variation in the settings may be necessary, to obtain 
satisfactory running. In such cases the makers are always prepared to 
exchange carburetor jets for others giving a richer or weaker mixture if 
required, or alternatively, Zeniths, the makers of the carburetor, Avho have 
depots in most countries, will, on request supply any parts or give any ad- 
vice or assistance that is possible. 

Instructions for Daily Inspection and Running of Engine in Flight. — 

Follow previous instructions as given under heading (First Run After 
Installation). Also see that impulse starter is in operation, by noticing 
that there is a click when the propeller is pulled over slowly. If no click 
is heard, probably the pawl is sticking. This can be eased by washing out 
through the small hole with kerosene and, when dry, lubricating with very 
thin oil. 

2. Check contact breakers of magneto to see that they are free. Apart 
from this, the magneto requires very little attention. Full instructions as 
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to the functioning of this unit can be obtained from the separate booklet 
issued by the makers — The British Thomson Houston Co., Ltd. 

3. Periodically examine platinum points to see that they are clean and 
smooth, and opening correctly. 

When in Flight. — 

4. a. Oil Pressure : — See that oil pressure never falls below 40 pounds 

to the square inch. 

b. Engine Speeds: — The normal speed of engine is 2,300 r.p.m. and 
engine may be run indefinitely at this speed. A high speed of 2,500 
r.p.m. is permissible for periods of one hour, and a maximum speed 
of 2,750 r.p.m. for a short burst only of five minutes duration. 

c. Violent acceleration of engine is to be avoided. 

d. Altitude Controls: — The altitude control should be used with 
discretion, as a weak mixture is to be avoided. If altitude lever 
is not so connected that it automatically closes with the throttle 
make sure that it is closed before throttling down. 

e. Oil Temperature: — Oil temperature should never exceed 60 de- 
grees Centigrade, and should normally be 40 degrees Centigrade. 

After Landing from Day’s Flying. — 

5. Examination : 

a. Examine all over for oil leaks, fuel leaks, etc. 

b. Check oil and fuel consumption. 

c. When everything has cooled off, turn engine over and by feel and 
hearing be assured everything is correct. 

d. See notes Section 13 under heading “First Run after Installation.” 
Instructions for Top Overhaul. — It is advised that a top overhaul 

should be undertaken after every 50 hours running. All parts connected 
with the cylinders and rocker gear should be dismantled, thoroughly ex- 
amined and cleaned. Replacements should be made where necessary. It 
should not be necessary to remove the engine for this overhaul. 

The tool kit, as supplied with the engine should be used for this purpose, 
as the use of proper spanners avoids damage to nuts, bolts, etc. And for 
the same reason it is not good practice to use an adjustable spanner except 
in cases of emergency. When dismantling it is advisable to temporarily 
replace nuts and bolts in their respective positions to avoid loss and con- 
fusion. A number of the parts are marked by dots or figures and indicate 
the positions of such parts. Care should be taken to replace such parts 
according to the marks. Split pins should not be re-used, and spring 
washers that have lost their life should be replaced. 

Removing Cylinder Unit. — For removing cylinder unit for internal in* 
spection proceed as follows : 

1. Remove high tension leads from plugs. 

2. Remove tappet rods. Take care that piston is down the stroke, and 
that the valve is in shut position before levering the rocker for removal 
of any one particular tappet rod. 

3. Remove exhaust connections to exhaust elbows and heater muff. 

“4. Remove nuts holding plates on bottom of induction pipes, and slip 
back plates and rubber washers. 
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5. Remove cylinder foot nuts and washers. 

6. Cylinders may now be removed. This is done by gently rocking the 
cylinder up and down, by hand, and at the same time exerting a pull. There 
are long spigots to the cylinders. No undue force should be necessary. 

7. As each cylinder is removed, support each piston by a clean small 
piece of wood to protect pistons against damage. Always be careful in 
turning the engine with cylinders removed. 





Fig. 474.— Drawing Showing Side View of ABC “Scorpion” Engine Giving Principal 

Dimensions. 

8. Most of the interior of the engine is now exposed, and a superficial 
examination of the interior can now be made. See that bronze brushes on 
big ends turn freely both on crankpin and in connecting rod. These are 
“floating” bushings and must be free, yet not unduly loose on either the 
crankpin or in connecting-rod big end. 
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Dismantling Cylinder Unit. — For dismantling cylinder units: 

9. The rockers should now be removed from cylinders and it is better to 
place these parts so that they can be re-erected in their respective positions. 

10. The valves can now be removed, and for this purpose, it is best to 
make a block of wood which will be a loose fit in cylinder, and will also 
be slightly domed on the top. The length should be about one-quarter-inch 
longer than the cylinder. Hold the cylinder lightly in a vice across the 
flats of cylinder feet, and with the block of wood resting on the bottom of 
vice, the valve springs can become pressed, and split collars removed from 
valves. For levering the valve springs replace the rocker pin and use this 
as a fulcrum. It is most advisable to keep the valve split collars together 
with the valves to which they belong. 



Fig. 475. — Back View of ABC “Scorpion” Engine. 

11. It should not be necessary to remove cylinder head, but if for any 
good reason this is done, a new joint washer must be used. 

12. It should not be necessary to remove pistons but if for any good 
reason these are to be removed first of all withdraw gudgeon bolt and then 
gudgeon pin can be easily pushed through piston and connecting rod small 
end. Keep respective bolts, nuts, gudgeon pins and pistons together. 

13. Decarbonize cylinders and valves, and grind in valves. 

14. Remove rings from piston. Decarbonize all over, clean thoroughly 
and replace rings. 

15. Check valve spring tension, which should be not less than : 

Inner: — 45 pounds when compressed to 1.4 inches long. 
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Outer: — 40 pounds when compressed to 4.3 inches long. 

Replace any that are bad. 

Re-Assembly of Cylinder Unit and Pistons. 

16. Re-assemble the parts following the above instructions in the reverse 
order. The rubber rings on induction pipes should be renewed, and remem- 
ber to slip both the plate and rubber ring over induction pipe before putting 
cylinder into position. 



TypE~fesTor A BC •scorpion* MkH Aewoplekne. Engine. N°Sz/t4BB 
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Fig. 476. — Horsepower at Various Crankshaft R.P.M. of ABC “Scorpion” Mark II 

Airplane Engine. 

17. Special attention is called to the tightening up of wristpin bolts. 
These should only be pulled up so as to be in slight tension. Excessive 
tightening is liable to over stress the bolt. 

18. When the foregoing units are re-assembled the engine will be ready 
for running, when the instructions under heading (Instruction for hirst 
Run after Installation) should again be observed. 

Instructions for Complete Overhaul. — It is recommended that the en- 
gine should be removed from machine for complete overhaul after about 
150 hours running. 

Special extractor tools are necessary for complete dismantling, and if 
these tools and the proper facilities are not available for this work, it is 
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advised to return the engine to the makers for overhaul. If the necessary 
arrangements can be made for overhaul, and competent mechanics are 
available, the overhaul can be done bv adhering to the following instruc- 
tions. The special tools required can be supplied, and their use is indi- 
cated in the following instructions : 

Dismantling Engine: 

1. Remove propeller hub and propeller by means of extractor tool sup- 
plied with the standard tool kit. Of course this will be done before the 
engine is detached from the machine. 

2. Carry out the operations enumerated under heading (Top Overhaul), 
Nos. 1 to 15 inclusive. 

3. Remove pistons. Place wristpins, bolts, etc., with each piston. 

4. Remove carburetor and controls 

5. Remo\e magneto. 

6. Remove tappets complete with guides. 

7 . Remove pressure pump (Top pump). 

8. Rear cover may now be removed as one unit. This unit can be 
further dismantled it considered necessary. 

9. The inner cover is now exposed, and the nuts should be removed 
from studs holding cover in position Remove washers from studs. 

10. Now remove nose bearing cover with its felt washer and protecting 
washer. 

11. 'Hie crankshaft unit, together with inner cover and bearing, may 
now be removed, and should be done in the following manner. 

Attach special extractor tool to the nose housing studs, using all six 
studs. 

Fold connecting rods so that they are inside of the crankcase. Get a 
second person to guide the connecting rods and crankshaft through the 
slots in crankcase. By carefully screwing up the extractor bolt the crank- 
shaft may be pushed out of position. It may possibly happen that crank- 
shaft will tend to turn, and this can best be prevented by replacing a bar 
across the inside of the cylinder ports and under the middle web of the 
crankshaft. During this operation frequently make sure that everything 
is clear and nothing is being unduly strained. 

12. The inner cover, together with ball race housing, should now be 
removed from crankshaft. If this should require tapping off, be careful to 
tap off through the medium of the housing, so as not to disturb the fit of 
the housing in cover. 

13. Remove the crankshaft timing wheel with small “U” shaped ex- 
tractor tool. 

14. The large hall hearing may now be removed by using the large “U” 
shaped extractor tool. 

15. The inner race that is left on the nose end of the crankshaft need 
not be removed, unless it is necessary to be replaced. 

16. Now remove the big end bushes in the following manner: Draw' out 
the locking wires which cannot again be used. Remove screws with a good 
screwdriver that is a close fit in slots. Place screws so that they may be 
replaced in their original positions. Turn bush until larger half is central 
to the top dead center of big end pin, and gently draw sideways away from 
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connecting rod. Repeat this operation with the remaining half then im- 
mediately join the halves together, putting the screws in their respective 
positions. The connecting rods may now be removed from the crankshaft. 
Note. — The small end of connecting rod is offset, and the position of this 
should be noted so that they can be re-erected correctly. 

Clearances or Tolerances Allowed. — Having completely dismantled the 
engine, all parts should be thoroughly cleansed in gasoline or kerosene and 
protected from damage and dirt. An examination of all parts may now be 
made, and below is a list of original clearances, or tolerances, allowed in 
Scorpion engines. All clearances given are slack. Where tight fits are 
required these are marked “T.” 


Crankshaft Original Maximum 

Big end pins out of round .00025 .002 

Big end bush on crankpin 0025 to .003 .005 

Total float of bush and connecting rod .004 .01 

Roller bearings on nose end Light drive — 

Ball bearings on tail end ” — 


N.B. — If big end pins are badly worn out of round, or scored, they can be re-ground if 
returned to makers. New bushes will be supplied and for this purpose it is 
necessary to return connecting rod so that correct fit can be obtained both for 
fit in connecting rod and end float. 

Big End Bush Original Maximum 

For clearance to pin and float see crankshaft. 

Clearance in connecting rod 0035-0004 .006 

N.B. — If new bushes are required send exact size of pin and bore of connecting rod, 
so that correct fit can be given. Bushes will be made full in length for fitting. 

Connecting Rod Original Maximum 

For fit to big end bush and float, see under 
crankshaft and big end bush. 

Fit of gudgeon pin Tapping fit Tapping fit 

N.B. — Connecting rods, if badly worn, may be re-ground and oversize bushes supplied. 

It is necessary to send the crankshaft to the rebuilder as well so that correct fits 
may be given. 


Cylinder Original 

Piston fit to cylinder : 

2nd land 0185 

Skirt 0135 

Out of round 00025 


N.B. — These clearances are taken with piston at top of its working position, 
be reground up to .01 oversize and new pistons fitted. 


Maximum 

.026 

.019 

.004 

Cylinders may 


Piston 

For fit to cylinder, see under cylinder. 

Fit of gudgeon pin in piston 

Fit of piston ring to piston 

Piston Ring 

Gap 


Original 

Maximum 

. Push fit 

.001 

. .004 

.007 

. .005 

.01 
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Cylinder Head Original Maximum 

Exhaust valve guide fit to head T. — 

Fit of exhaust valve to guide 007 .012 

Inlet valve guides fit to head T. — 

Fit of inlet valves to guide 003 .006 

Valve Springs 

Inner. When compressed to 1.4-inch long 55 lbs. 45 lbs. 

Outer. When compressed to 1.3-inch long 48 lbs. 40 lbs. 

Rockers 

Fit of bush to rocker T. — 

Fit of bush to pin 0015 .003 

Fit of pin to rocker support Light drive — 


Re- Assembly after Overhaul. — 

1. Any new parts that have to be fitted should be trial fitted first before 
proceeding with final assembly. 

2 . Re-assemble the engine in the reverse order of dismantling. Special 
attention is drawn to the following points, more or less in the order of 
which they arise, and reference should be made to illustration of section 
through engine at Fig. 473 D : 

a. It will be found that parts relating to each big end and connect- 
ing rod, are numbered 1 and 2 , or by dots, so that respective rods 
and big end bearings may be correctly replaced on original big 
end pins. The big end pin nearest propeller being known as No. 1. 

b. Make sure connecting rods are assembled to crankshaft with off- 
set of small end of connecting rods correctly positioned. Offset 
of each small end should be towards center web of crankshaft. 

c. Use % 0 -inch mild steel wire for locking big end bearing screws. 
Be sure to use same screws in the original positions. These should 
be taken up tightly with a properly fitting screwdriver, and if 
screws have been kept in proper position, the slots will line up 
with the holes for locking wires. If for any unseen accident the 
screws have become mixed or mislaid, the slots are lined up by trial, and 
by easing the bottoms of counter-sinks until the correct position and 
tension is obtained. In turning over the ends of the wire, be care- 
ful not to spread the slots, thereby taking up the side clearance. 

d. Attention is called to the clearances between bearings and thrust 
washers, as shown on section drawing. See that races and washers 
are correctly positioned. Crankshaft should turn freely when all 
bearings are in position. 

e. The camshaft timing is easily obtained by placing the crankshaft 
with keyways towards top of engine, and the tooth marked “O” 
should be inserted in the gap of timing wheel directly above the 
keyway. 

f. Leave off the top oil pump until the cover is fitted, as it is possible 
to see the revolution counter wheels enter into mesh when pushing 
cover home. 
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g. Refer to note seventeen under heading- “Instructions for Top Over- 
haul” before replacing pistons. 

h. Refer to note sixteen under same heading as above before putting 
cylinders into position. 

i. Refer to note three under heading “Instructions for First Run 
after Installation” for timing of magneto. 

k. The correct position of oil pump covers is marked by a groove 
on edge of cover and top edge of pump. These should be in line. 
This can be checked as follows: The offset of spindle on cover 
should be placed so that the offset is towards and in line with the 
to]) right hand screw hole when facing the top of pump. 

When the engine is assembled and installed in machine, follow all the 
instructions under heading “Instructions for First Run after Installation.” 

The A. B. C. “Hornet” Engine. — A light plane engine of distinctly novel 
type has recently been produced by A. B. C. Motors, Ltd., of Walton-on- 



Fig. 476A. — Three-Quarter Front and Rear Views of the A.B.C. “Flat Twin” Type 
Hornet Four-Cylinder Engine. Note Small Frontal Area Possible with This Con- 
struction. Valve Operating Mechanism Placed at Front and Rear of Engine Actuates 

Nearest Valves. 
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Thames, England. Known as the “Hornet,” the new engine may be said to 
be a development of the smaller type (the “Scorpion”) which the writer has 
just described and which this firm has had in production for some years, and 
of which considerable numbers are in use on the Continent, especially in Ger- 
many. Like the “Scorpion,” the “Hornet” is an air-cooled “flat twin,” but 
with the difference that it has four cylinders instead of two. By retaining the 
“flat twin” arrangement, an engine of very low frontal area has resulted, and 
the mechanical balance of the new engine is excellent. 

Its compactness is clearly shown at Fig. 476 A. The aluminum crankcase 
is of cylindrical shape, and is in three pieces, the joints being vertical, and in 
line with the cylinders, spigoted and fastened by bolts and nuts. At the bases 
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Fig. 476B. — Some Constructional Details Showing Front Portion of Hornet Crankshaft 
with Special Floating Bush Big End Construction Outlined. Note Also Wristpin Con- 
struction Showing Locking Arrangement. 

of the cylinders are four long bolts, two on each side, which run right through 
the crankcase from front to back and serve for mounting the engine in the 
aircraft. If desired, it is possible to support the front of the engine from the 
forward ends of the bolts, as well as from the rear end, but the crankcase is 
very sturdy and rigid, and probably it will be quite satisfactory to mount the 
engine from the back only by a plate attached to the rear end of the four 
mounting bolts. 

The front cover of the crankcase houses the short camshaft which operates 
the valves of the front cylinders, and also the front journal roller bearings 
and the double thrust ball race. The rear cover contains the two oil pumps, 
which are formed as a unit, the tachometer drive, and the camshaft for the 
rear cylinders. The crankshaft is of the two-throw type, each pin being long 
enough to accommodate two big-ends side by side. It is carried in three 
hearings, of which the front and rear journal hearings are of the roller type, 
while the center hearing is a plain phosphor bronze bush, split and supported 
in a circular plate. 
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The cylinders are of heat-treated steel, machined from solid, while the 
cylinder heads are of cast-iron. * Incidentally, the cylinder heads are identical 
with those of the A. B. C. "Scorpion,” Mark II, as are also the pistons and 
certain other parts, so that users of both types of engine have here an advan- 
tage in the smaller number of spares which it is necessary to stock. There 
are two valves per cylinder, operated by push-rods and rockers from the two 



camshafts on front and back of the engine. As the engine is provided with 
dual ignition (Watford dual-spark magneto), there are two sparking plugs 
per cylinder. Aluminum alloy pistons are used (identical and interchangeable 
with those of the "Scorpion”), fitted with fully floating gudgeon pins. The 
connecting rods are of H section, and the big-ends have plain, fully floating 
phosphor-bronze bearings, details of these being shown at Fig. 476 B. Both 
the big-end bearings and the center bearing are force feed lubricated. 
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The back cover of the engine houses the two oil pumps (pressure and 
scavenger), which are of the eccentric-operated plunger type, and of equal 
design and capacity. Provision is also made for fitting a fuel pump if desired, 
although in most instances direct gravity feed will probably be employed. The 
induction system is of very simple type, the manifold being cast integral with 
the central portion of the crankcase and thus the fuel mixture is heated and 
the oil cooled at the same time. From the central manifold under the crank- 
case pipes are taken to each side, with forked pipes conducting the mixture to 
the separate cylinders. 

SPECIFICATIONS 


Following are the main data relating to the A.B.C. “Hornet”: 

Cylinder bore 4.015 in. (102 tnrn.) 

Cylinder stroke 4.8 in. (122 mm.) 

Cubic capacity 243 cu. in. (3,990 c.c.) 

Normal power 75 b.hp. 

Maximum power 82 b.hp. 

Normal speed 1,875 rp.m. 

Gasoline consumption (80% aviation spirit, 20% benzol) 0 53 pts./b.hp./hour 

Oil consumption 0.035 pts./b.hp./hour 

Starting Impulse starter fitted 

Weight of engine complete 225 lb. (102.2 kg.) 

Specific weight (on normal power) 3 Ib./hp. (1 3fi kg./hp.) 



Fig. 477. — Meteormotor Radial Air-Cooled Engine is a Four-Cylinder Two-Cycle Type 
of Distinctive Design. View at Left Shows Small Size and Light Weight of this! 

Engine. 

The Meteormotor Radial Engine. — This light four-cylinder X-type 
motor was developed primarily for use in the Meteorplane, a light, sport 
type that had flown with various motorcycle engines. When powered with 
the motor illustrated at Figs. 477 and 478, the maximum speed of the plane 
was increased to 90 miles per hour and the ceiling to 15,000 feet. The latest 
model has copper cooling fins instead of integrally cast iron flanges. The 
engine operates on the two-cycle principle. The cylinders are made of the 
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finest grain gray iron, machined both inside and outside, and ground. By 
a special process, the copper cooling fins are electrically united to the cylin- 
ders. The crankshaft is of special heat treated chrome-vanadium steel, 
machined and ground from a solid 90 pound piece and, when finished, 
weighs only 6} 2 pounds. The crankcase is of silicon-aluminum and, for 
ease in installing, it is fitted with four mounting brackets. Special tubular 
connecting rods are used in the engine, with steel backed babbitt bearings. 
The pistons are of fine grain cast iron and carry three rings and weigh but 
ten ounces. The valves are of large size and made of tungsten-steel with 
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Fig. 478.- -Model 79 Irwin Twenty Horsepower Radial Air-Cooled Engine which 
Weighs About 60 Pounds, Without Propeller and Hub. 

bronze stems. Both the main and thrust bearings have 1 ^o-inch diameter 
balls. A special Winfield carburetor is used, and a high tension Bosch 
magneto furnishes the ignition. Lubrication is by pressure and can be 
regulated from the dash in the pilot’s cockpit of a plane fitted with this 
engine. The complete weight of the Meteormotor, including carburetor, 
magneto and propeller hub, is only 60 pounds. The cylinder capacity is 
79 cubic inches. The engine, which is very smooth in running, develops 
twenty horsepower, at 2,000 r.p.m., and consumes iy 2 gallons of gasoline 
per hour and '/* pint of lubricating oil. The simplicity of the engine is evi- 
dent from the illustrations. It will be seen that, contrary to usual practice 
with radial engines, the engine bearers are not arranged to attach onto a 
circular casting, but hold the engine down by means of two flanges attached 
direct to two longerons. This makes for simple installation. 

The Szekely SR3. — The O. E. Szekely Corp. of Holland, Mich., has been 
consulting and industrial engineers to various manufacturers for a number 
of years and as a result of the experience gained in this work, it reached 
the conclusion about a year ago that there would be an ever increas- 
ing sale for simple, light weight, reliable, air-cooled aircraft engines, em- 
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bodying many of the exclusive features which have worked out so well 
on equipment it has designed for others. Accordingly it undertook the 
design of a three-cylinder, radial, air-cooled engine for light aircraft, to be 
followed in the near future by a five-cylinder, using practically all of the 



Fig. 479. — Szekely Three-Cylinder Engine and Some of its Principal Parts. A— 
Cylinder Assembly. B — Timing Gears and Cams, Showing Tappet Actuators. C — 

Oil Pump Unit. 

parts of the three-cylinder engine. 

The extremely simple outward appearance of the three-cylinder design 
as shown at Fig. 479 commends it to approval for the only visible moving 
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parts are the push rods and rocker arms, all remaining parts being entirely 
closed. The engine has a 4j4-hich bore by 4%-inch stroke, giving a total 
piston displacement of 190 cubic inches. Operating at its rated speed of 
1,800 r.p.m., 40 horsepower is guaranteed; as a matter of fact, actual brake 
tests are said to show that this engine develops over 42 horsepower. The 
compression ratio is 4.8:1. The mounting flange for the engine consists 
of a round machined pilot fitted into the engine bracket on the plane. The 
engine is held in place by six tie rods, each of which passes entirely through 
the engine, so that the front cover, crankcase, rear cover, and mounting 
bracket are securely locked together as shown in installation drawings at 
Fig. 481. 

The cylinders which are shown at Fig. 479 A are chrome nickel gray 
iron, with cylinder head cast integral and are held to the crankcase by four 
studs. Each cylinder has a skirt or piston guide extending approximately 
2y 2 - inches into the crankcase. Intake and exhaust passages are scraped and 
sand blasted and the entire cylinder is provided with numerous thin fins 
to provide ample radiation for the air cooling. Valve seats are part of the 
cylinder and are a 45 degrees angle. Two valves are used in each cylinder, 
these being silchrome steel, mushroom type, 45 degrees seat, providing a 
clear gas flow area of 2j4 square inches. The valves are l^a-inches 
diameter by 1 %*j-inch lift. The valves are actuated from the cam through 
hollow push rods with hardened ends and bronze bushed drop forged rock- 
ers. Tappet adjusting screw is placed in the rocker and locked in position, 
after adjustment, by a cap screw. 

The lubricating system is interesting. A double type gear pump is 
driven by a bronze spiral gear directly from the crankshaft as shown at 
Fig. 479 C. Four spur gears are used in the pump itself, the upper set 
receiving oil through a 24-inch line from an oil tank in the plane and deliver- 
ing it, under pressure, to the connecting rod bearings and, by splash, to 
the main bearings, gears, and cylinder walls. Two other gears form the 
scavenging pump and are slightly larger than those of the delivery pump. 
This picks up the oil from the lower part of the case, to which the surplus 
runs, and delivers it through a 24-inch line to the oil tank. An interesting 
innovation from usual practice is that the oil relief valve and the take off 
for oil gauge are placed at the rear of the engine so that oil pressure read- 
ing is taken after the oil has passed entirely through the engine. The 
pressure at the pump is approximately six times the reading given at the 
rear of the engine. This is said to be an additional safeguard, as it shows 
the flier that each part of his engine is receiving' sufficient lubrication as 
long as oil pressure shows on the gauge. A gauge pressure of four pounds 
per square inch to ten pounds per square inch, is recommended, which 
means the pump pressure usually noted on other engines is 40 pounds per 
square inch to 60 pounds per square inch. 

The crankcase is of aluminum alloy, with front and rear covers of the 
same material. These covers hold the main bearings. The main crank- 
shaft bearings as shown at A, Fig. 480 are of the roller bearing type and 
located as close to the center of the crankpin as it is possible to get them, 
thus reducing vibration to the minimum. The intake manifold is cast as 
an integral part of the crankcase, in the form of a circular chamber with 
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opening flange for carburetor at the bottom of the engine as at C, Fig. 480. 
Three outlets from this circular chamber are connected to the cylinder by 
an individual aluminum intake manifold, which fastens to each cylinder and 
is packed in such manner with gasket at the crankcase that expansion and 
contraction may occur without putting a strain on any part of the engine 
and without permitting air leaks. 

The crankshaft itself is 3140 S.A.E. material, having a diameter of 
1 inches. The connecting-rod bearing on the crankshaft is 1 inches 
by 2 inches. The crankshaft is a single piece drop forging, to which 
counter-weights arc added to insure perfect balance of the engine itself. 



Fig. 480A. — Crankshaft Assembly of Szekely Engine. B — Connecting Rod As- 
sembly. C — Rear View Showing Magneto Installation. 

The propeller thrust bearings is an S.K.F. bearing of the deep groove, 
radial ball bearing type and is taken directly between the front of the 
crankshaft and the front gear cover of the engine itself. The propeller hub 
is steel and heat treated for maximum strength. Each propeller hub is 
lapped to the crankshaft of its own engine, in addition to the precision 
operation of grinding both the hub and the crankshaft. 








Fig. 481. — Installation Drawing of Szekely Airplane Engine. 
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Connecting-rod assemblies shown at B, Fig. 480, are drop forgings, heat 
treated for toughness and machined all-over. The upper end of the con- 
necting rod is bronze bushed. The lower bearings are sections of a cylinder 
cut on an angle with the axis of the bearing and contact with a bronze 
bearing, the internal portion of which is babbitt lined and free to revolve 
around the crankpin. Oil pressure is delivered to the main connecting- 
rod bearing and to each individual connecting-rod bearing. This connect- 
ing-rod assembly is said to provide greater insurance of complete lubrication 
and larger bearing surfaces in proportion to the load placed upon them than 
conventional practice of a master rod with round pin rods operating from it. 

The pistons are of aluminum alloy, solid skirt type, each equipped with 
three J^-inch piston rings. The piston pin is hollow, hardened and ground 
and bears in piston bosses in the aluminum piston at either side, but is of 
the full floating type, in that it is free to turn both in the piston and in the 
connecting-rod bearing. 

The cam arrangement shown at B, Fig. 479 is interesting and, while 
novel, has been Used in other services for a number of years by the Szekely 
organization, so that nothing untried is being used in this respect. There 
is but one cam to operate both the intake and exhaust valve on each cylin- 
der. This cam is driven from a spur gear on the crankshaft and operates 
the valve through the means of a hardened and ground cam follower, which 
is bronze bushed and located by means of a hardened and ground pin 
fastened to the crankcase. 

The ignition system consists of two Robert Bosch magnetos mounted 
on a shelf which is an integral part of the rear cover as shown at C, Fig. 
480, and driven from the engine by means of spur gears. Each magneto 
fires a sparkplug on each of the three cylinders, so that the engine is pro- 
vided with two independent ignition sources. The carburetor is suspended 
below the engine and connected to the crankcase by a venturi type mani- 
fold. It is the Zenith lyi inch balanced airplane type. The weight of the 
engine, with all accessories, is guaranteed by the manufacturer not to ex- 
ceed 153 pounds. The average production engine weighs approximately 
148 pounds. Tests have demonstrated that this engine is ideal for a single 
or two place plane having from 25 to 30 feet wing span and weighing be- 
tween 475 and 525 pounds. As installed in such a plane, the engine turns 
a 40 horsepower propeller at 1,725 r.p.m. on the ground and better than 

l, 850 in the air, in this way giving an ideal cruising speed of from 80 to 85 

m. p.h., at an engine speed of from 1,550 to 1,600 r.p.m. Flight tests show 
that the fuel consumption, under average conditions, is approximately .58 
pounds per horsepower hour, with an oil consumption guaranteed not to 
exceed .029 pounds per horsepower hour. 

QUESTIONS FOR REVIEW 

1. What type of Motorcycle engine can he used for sport planes? 

2. Describe typical “flat twin” airplane engines. 

3. What is an important feature of the Mercedes-Benz engine for light planes? 

4 . Describe the Bristol “Cherub” engine. 

5. Outline Construction of A.B.C. “Scorpion” engine. 
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MEDIUM POWERED AIR-COOLED ENGINES 

The American “Scorpion” — The Dayton “Bear” Engine — Le Blond Aviation Engine — 
The Warner “Scarab” Engine — The Super Rhone Engine — Velie Aircraft Engine 
— Anzani Aviation Motors — Cylinders and Crankcase — Pistons — Valves and Rocker 
Arms — Inlet Manifold — Connecting Rods — Crankshaft— Distribution— Timing An- 
zani Engine — Anzani Engine Care and Operation — To Stop Engine — Standard 
Anzani Adjustments— Preparation to Start Engine— Starting the Anzani Engine- 
Disassembling the Engine — Valve Grinding — Cleaning Pistons — If Anzani Engine 
Fails to Start— If Engine Stops— If Engine Misses— If Engine Fails to Develop 
Power— If Engine Overheats— Salmson Air-Cooled Engines. 

The American Scorpion Engine.— The Scorpion is a four-cylinder-in- 
line air-cooled motor, recently announced by the Aeronautical Products 
Corporation of Naugatuck, Connecticut. The cylinders are 4^ inch bore 
by five inch stroke and the weight of the engine is given at 290 pounds, 
equipped with two magnetos and a Zenith carburetor. The engine is stated 
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Fig. 482. — American “Scorpion” Four-in-Line Air-Cooled Engine. 

to deliver 100 horsepower at 1,800 r.p.m. and as will be apparent by study of 
the illustration at Fig. 482, it is extremely simple in outline and rugged in 
construction. The distinctive feature is the overhead valve actuation for 
the camshaft rockers and springs on the top of the engine, completely en- 
closed and with oil circulation through the camshaft housing. A patented 
type of cantilever spring is used for the valves. The exhaust valve is salt- 
filled to insure adequate cooling. The cylinder construction is an alloy steel 
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Fig. 483.— Installation Drawing Giving Principal Dimensions of American “Scorpion” Engine. 
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forging* with the fins milled thereon, and is screwed into an aluminum alloy 
head which has aluminum bronze valve seats. The camshaft is driven by 
bevel gearing from the antipropeller end of the motor. It is stated that this 
motor can be mounted in the same engine bed as the Curtiss OX or His- 
pano-Suiza. 

The installation drawing at Fig. 483 shows the main dimensions of the 
engine very clearly. The crankshaft is of the conventional form. The 
crankcase is of the barrel type of aluminum alloy, having a detachable oil 
pan bolted to the bottom. The design is clean cut and the engine should 
be remarkably easy to take care of which will make it suitable for the aver- 
age flier. It has ample power to fly existing types of two- and three-place 
ships of moderate weight. The internal mechanism is carefully balanced 
so that the engine will run with minimum vibration. 



Fig. 484.— Dayton “Bear” Four- Cylinder Air-Cooled Engine. 


The “Dayton Bear” Engine. — The “Dayton Bear” made by the Dayton 
Airplane Engine Company, of Dayton, Ohio, is a four-cylindcr-in-line, air- 
cooled engine, built with the latest type of aluminum alloy cylinder head, 
on a nickel-iron, cast cylinder. The engine is not new, nor radical in any 
of its features, and involves no untried ideas. The “Dayton Bear” is at 
present rated 110 horsepower at 1,550 r.p.m., but will develop a higher 
horsepower at a higher r.p.m. The bore is 4.5 inches, and the stroke seven 
inches. The engine is shown at Fig. 484. With double magnetos and the 
carburetor as standard equipment, less propeller and hub, the complete 
engine weighs 375 pounds. Considering that this is a wet sump engine, 
the weight is not excessive, as the weight of an oil tank and piping should 
be allowed. Neither is the “Dayton Bear” of extreme lightness, as the 
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engine is built rugged with a view to endurance and low maintenance costs. 
An additional drive unit has been provided, which will drive either a C5 
fuel pump, or gear oil pump, or both. This takes care of those plane 
builders who want a fuel pump, or a dry sump engine. In converting to a 
dry sump engine, it is only necessary to add the pump, and change from 
one to two external pipes on the crankcase. Full force feed lubrication is 
provided to all plain bearings in the engine, while the ball-bearings are oil 
sprayed. 

The crankshaft is five bearing, of sturdy construction, and held in place 
by babbitted steel-backed main bearings, which in turn carry their load 
through to the cylinder head by long through-bolts, thus relieving the 
crankcase of all explosion strains. These through-bolts clamp the cylinder 
heads upon the cylinders, the seal being made by metallic gaskets. By the 
removal of ten nuts and two oil connections, all four heads may be removed 
for inspection or grinding. The cylinders also may now be lifted off in- 
dividually for further inspection of pistons and rings. 

The aluminum alloy heads have smoothly spherical compression-cham- 
bers, with overhead valves seated in aluminum bronze seats. Two dia- 
metrically opposed sparkplug openings are directly below the valves, and 
are also bronze bushed. To insure equal pressure on all cylinder heads 
where the through-bolts are in common, equalizers with ball seats are used. 
The overhead camshaft and housing, which serve to hold the cylinder heads 
enbloc are very similar in construction to that used in the Liberty engine. 
The aluminum crankcase carries all bearings mounted in the upper half, 
so that the lower portion or sump may be removed for inspection without 
disturbing the crankshaft. The oil pump is located in the sump submerged 
in oil. Baffle plates are inverted above the oil to prevent excessive splash- 
ing. 

The cylinders are very simple, well finned barrels of nickel-iron, which 
are honed to a dead smooth finish. The aluminum-alloy pistons have three 
narrow rings near the top and are floated on the piston pin. The connecting 
rods are steel forgings of the eye-beam section machined all over. The en- 
gine is adaptable either as a tractor or pusher, without change, as a double 
ball-thrust bearing is provided at the propeller end. These qualities, com- 
bined with a comparatively low cost, should make this engine very desirable 
for the builder and the operator of the smaller planes of the two and three 
place types. It should prove very serviceable to the airplane schools, both 
for the student and the mechanic, as it is a type of engine familiar to nearly 
everyone in airplane circles. 

The general specifications of the “Dayton Bear”. engine are as follows: 


Bore 4.5 indies 

Stroke 7.0 inches 

Compression ratio 5 3 to 1 

Rated lip. at 1550 r.p.m 110 

Weight 375 lbs. 

Height 38K’ inches 

Width 18y$ inches 

Length 4 7§4 inches 

Fuel Consumption 475 

Oil Consumption .’ 0175 
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LeBlond Aviation Engines. — The original development of the LeBlond 
Sixty design has been going on for over a period of three years, several 
engines having been built, thoroughly block tested, and flown in several 
types of airplanes in all parts of the country by a number of experienced 
pilots. Their reports are said to have been extremely favorable. This ex- 
tended development period has allowed sufficient time to make minor im- 
provements in the design and methods of manufacturing; in other words, 



Fig. 485A. — Propeller End of LeBlond Three-Cylinder Aviation Engine. 

eliminate any of the so-called “bugs’* which are always present to some 
extent in any new engine no matter how well designed. The engineering 
organization responsible for this development includes men of wide experi- 
ence who are well known throughout the industry. The airplane manufac- 
turers who have decided to use or are contemplating using LeBlond engines 
will naturally welcome the assurance that there are sufficient resources 
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and manufacturing 1 facilities behind the organization to produce a quality 
product in ample numbers to meet their demand. Before describing some 
of the more interesting features of the design, it would be well to first 
direct attention to the advantages in interchangeability of parts as repre- 
sented in the LeBlond Forty, Sixty, and Ninety models. Fully 88 per cent 
of the parts used in one model can be used in either one of the others. 



Fig. 485B. — Anti-propeller End View of LeBlond “Forty” Three Cylinder Aviation 

Engine. 

Moreover, there is hardly an instance where the tools and fixtures, or a part 
of them, will not be used for producing a corresponding part, which must 
necessarily be somewhat different because of the number of cylinders. 

LeBlond aircraft engines are said to be especially economical in the con- 
sumption of fuel and oil. This coupled with a low initial cost and slow 
depreciation brings air travel within the reach of most every one. The 
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smaller engine of the series, the three-cylinder LeBlond Forty shown at 
Fig. 485 is to fill the power pi ant requirements of the small single-seater 
sport or two-seater sport and training plane. The manufacturers have at- 
tempted to make this the smoothest operating three-cylinder radial engine 
that has ever been built. This engine follows closely the five-cylinder de- 
sign, hence the accompanying description for the most part applies. Per- 
haps the most interesting point of difference is the connecting rod con- 
struction, since the link rods and wristpins are identical with those used 
on the Sixty and Ninety models. 


Propeller hub 








V*V 


/ ■* 


f*' 
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Fig. 486. — Propeller Hub End of the LeBlond Five-Cylinder, Static Radial Aviation 

Engine. 

The five-cylinder LeBlond Sixty engine shown at Fig. 486 is particu- 
larly suited for the privately owned two-seater open or closed airplane. It 
can handle a light three-scater plane, but is not generally recommended as 
the makers believe in plenty of reserve power as a matter of safety. The illustra- 
tion at Fig. 487 A shows the connecting rod construction used in the Le- 
Blond Sixty. The rods are completely assembled on the crankshaft and 
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the whole assembly is inserted into the crankcase through the large open- 
ing at the front. The connecting rods are heat treated drop forgings of 
nickel steel. The babbitt in the master rod is applied directly to the steel, 
thus eliminating the troubles encountered with a separately fitted bronze 
backed bearing. Although the rods are fairly light, the construction is 
extremely rigid and perhaps as simple as an articulated rod arrangement 
could be made. 

The crankshaft illustrated at Fig. 487 P> is shown as an assembly before 
the connecting rods arc attached. This piece is a heat-treated drop-forging 
of nickel-chromium steel and it is finished all over. The counterweights 
are made from a tough grade of bronze, being supported against lugs on 



Fig. 487. — Parts of LeBlond Five-Cylinder Radial Engine. A — Master Connecting 
Rod Assembly. B — Crankshaft and Ball Bearing Assembly. C — LeBlond Cylinder. 

the crankshaft and each held in place by two screws. The rear ball-bearing 
is finally supported in a steel sleeve held in the central wall of the crank- 
case, while the front ball-bearing which also carries the propeller thrust 
loads, is supported in the crankcase cover that closes this large opening 
at the front of the crankcase. 

The crankcase shown at Fig. 488 A is of cast aluminum alloy, heat- 
treated to give high tensile strength. The inlet passage is cored in this 
casting, thus effecting a small number of manifold joints as well as pro- 
viding other important advantages. The cam follower bushings, which 
are pressed in place, are cast from a fine grade of hard iron and the holes 
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are ground to close limits. The cam followers and rollers are assembled 
into the crankcase before the gearcase assembly is attached to the flange 
at the rear as shown at Eig. 488 B. 

It may be observed from the illustration of the gearcase assembly at Fig. 4 88 
C that the cam drive shaft pilots into the end of the crankshaft and is driven by 
offset lugs which will not permit of incorrect assembly. In other words, the cam 
and magneto timing doesn’t need to be reset each time the gearcase assembly 
is removed. The cam floats on the cam drive shaft and lines up with the 



Fig. 488. — Views Showing LeBlond Crankcase Construction. A — Crankcase with 
Cylinders Removed. B — View of Crankcase with Cam Follower Rolls and Plunger in 
Place. C — View of Accessory Case Showing Three Lobed Cam and Magnetos. D — 

Rear View of Crankcase. 


cam follower rollers when the gearcase assembly is in place. A single ring 
cam as shown is used to operate all valves. In the three-cylinder engine 
a two lobe cam turns one-fourth crankshaft speed; in the five-cylinder 
engine a three lobe cam turns at one-sixth crankshaft speed ; while in the seven- 
cylinder engine a four lobe cam turns at one-eighth crankshaft speed. The 
cam has a bronze bushing, and the cam drive shaft, idler shaft, and magneto 
drive shaft are also carried in bronze bushings and all are fed oil directly 
under pressure from the pump. The timing of the valves is effected through 
the adjustment provided in the gear and timing flange by the series of 
holes and the four screws. 
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The oil pump is removable as an assembly. It contains two compart- 
ments, one for the pressure and the other for the scavenging gears, each 
with screens for trapping foreign particles in the oil. The driving gears 
are of steel and the driven gears of bronze. An oil pressure relief valve 
for controlling the oil pressure is also located conveniently in the pump 
body. The connections for oil lines to and from the tank can be adjusted 
to any desirable position. 

The cylinder which is shown at Fig. 487 C is a one piece casting of the 
finest grade of nickel iron with integral cooling fins of ample surface. The 
valves scat directly in the cylinder head and the external portions of the 
valve gear is enclosed. All valve gear parts are interchangeable. The out- 
side of the cylinder is finished with a fine grade of black stove enamel which 
adds greatly to the appearance, and to the heat dissipating qualities of the 
cylinder as well. The cylinder bores are honed, giving the finest surface 
obtainable. The cast-iron cylinder has many advantages when used on an 
engine for commercial purposes. First of all. there is little danger of cyl- 
inder failure nor an appreciable loss in power when conditions are such as 
to cause cylinder temperatures above normal. It has also been found that 
excellent fuel economy is obtained, and that no harm will result from sud- 
den changes in temperature as is sometimes the case with other materials 
and composite construction. It is impossible to produce a different type 
of construction of equal output and durability commercially with anywhere 
near the low cost, ease and certainty of production that results from the 
use of a single piece cast-iron cylinder. 

The pistons are made from a cast aluminum alloy. There are two com- 
pression and one oil scraper ring located above the piston pin on each one. 
The piston pin is hardened and lapped and it floats in the rod and piston, 
there being duralumin plugs in each end to prevent scoring the walls of 
the cylinder. 

Zenith carburetors of the concentric float type and provided with alti- 
tude mixture control are standard equipment on all models. The carburetor 
is attached to the lower side of the oil sump, the mixture passing through 
an opening in the sump where the heat from the oil surrounding the walls 
helps to vaporize any heavy ends of the fuel. Air heaters will be available 
as extra equipment for customers who prefer them. Two Scintilla mag- 
netos for dual ignition are standard equipment on each model. Booster 
type units can be furnished at slight additional expense. 

The seven-cylinder LcBlond Ninety engine shown at Fig. 489 is an ideal 
powerplant for any of the three-place commercial ships that have been us- 
ing a 90 horsepower engine. The makers firmly believe that it occupies 
less space and represents less head resistance than any engine of approxi- 
mately its horsepower so far introduced. The most interesting detail which 
is different from the two smaller models is the connecting rod construction. 
The specifications of the various engines follow: 

SPECIFICATIONS OF LK BLONI) FORTY 


Type 

No. of Cylinders 
Bore 


.Air-cooled Radial 
3 

4.125 in. 
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Stroke 

Displacement 

Rated Horsepower 

Weight, complete 

Diameter overall 

Length overall 

Fuel Consumption (lb. per hp. hr.) 
Oil Consumption (lb. per hp. hr) 


3.750 in. 

150 cu. in. 

40 at 1900 RP.M. 

168 lbs. 

32.75 in. 

21.94 in. 

Max. .55 at rated power 

Max. .03 at rated power 


SPECIFICATIONS OF LE BLOND SIXTY 

Type Air-cooled Radial 

No. of Cylinders 5 

Bore 4.125 in. 

Stroke 3 750 in. 

Displacement 250 cu. in. 

Rated Horsepower 60 at 1800 R. P. M. 

Weight, complete 210 lbs. 

Diameter overall 32.75 in. 

Length overall 21.56 in. 

Fuel Consumption (lb. per hp. hr.) Max. .55 at rated power 

Oil Consumption (11) per hp. hr.) Max. .03 at rated power 


SPECIFICATIONS OF LE BLOND NINETY 


Type 

No. of Cylinders 

Bore 

Stroke 

Displacement 

Rated Horsepower 

Weight, complete 

Diameter overall 

Length overall 

Fuel Consumption (lb. per hp. hr.) 
Oil Consumption (lb. per lip hr.) . 


Air-cooled Radial 

....7 

....4.125 in. 

....3 750 in. 

. . . .350 cu in. 

....90 at 1850 R. P. M. 
....250 lbs. 

....32.75 in. 

. . . .22.25 in. 

....Max. .55 at rated power 
. . . . Max. .03 at rated power 


The Warner “Scarab”. — The engine is a seven-cylimler. static, air- 
cooled, radial of conventional design rated 110 horsepower at 1,850 r.p.m., 
though it has developed 122 horsepower at 1,050 r.p.m. which has made 
an excellent record since its introduction. Dry, without starter or hub, it 
weighs 270 pounds or 2.45 pounds per rated horsepower. The compression 
ratio is 5.2 and it operates at a mean effective pressure of 112. The dis- 
placement is 422 cubic inches and the bore and stroke 4.25 inches by 4.25 
inches. It is stated that specific fuel consumption at full throttle is .487 
pounds per horsepower hour or 9.3 gallons per hour and that oil consump- 
tion is .008 pounds per horsepower hour. The engine is cpiite small and 
presents a very clean appearance. The overall diameter is 35 T /2 inches while 
the overall length is 2 7j4 inches. All accessories are placed in the rear and, 
according to Warner, designed with a view to minimizing the amount of 
time required for installation and to make it comparatively easy to stream- 
line the cowling. The engine is shown at Fig. 490. 

Cylinder barrels are chrome molybdenum forgings, while the heads are 
of Bohn aluminum alloy. Adequate cooling fins are provided; they extend 
over the head and around the valves. The combustion-chamber is hemi- 
spherical with two valves, one intake, and one exhaust at the sides, and 
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with two AC sparkplugs, one in front and one in back, diametrically oppo- 
site. Aluminum bronze valve seats are shrunk into the head ; the two 
valves are of the tulip type set 45 degrees apart. They are 1 y 2 inches in diam- 
eter and have a lift of .406 inch. The intake valve is of tungsten steel 
while the exhaust valve is a cobalt allo)\ The double valve springs are 
exposed, as are the rocker arms, as far back as the fulcrum point. Behind 



this, the valve mechanism is housed in an aluminum alloy box, the alumi- 
num cover of which may be easily removed to make tappet adjustments. 
The valve gear mechanism is thus protected from dirt, while the springs 
are exposed for cooling purposes. The sides of the box also act as supports 
for the rocker arms and are bolted to the cylinder head with two % 0 inch 
bolts. The rocker arm operates on a bronze bearing lubricated by a Zerk 
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Alemite fitting. The cylinder head is shrunk and bolted to the barrel. 
Eight bolts are used to attach the head to the barrel and eight bolts are 
used to hold the cylinders to the crankcase. The skirt of the cylinder barrel 
projects about V/z inches into the crankcase to prevent surplus oil from 
running into the cylinders. 

Permanent mould pistons of Bohnalite are used. They are of flat head 
design with two American hammered compression rings and one Perfect 
Circle oil scraper ring. They weigh only one pound five ounces each. The 



Fig. 490B. — Three Quarter Front View of Warner “Scarab*' Engine. 

piston pin is full floating and bears directly on the piston with bronze bear- 
ings in connecting rods. Both master rod and link rods are of one section. 
The master rod is of two piece design with a babbitted bearing for the 
crank pin. Through bolts locate the wristpins which take their bearings 
directly in the master rod big end. This construction is said to eliminate 
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plugging the pin. There are separate oil leads from the crankpin to each 
link rod bearing. The crankshaft is a single piece machined on all surfaces. 
It is very short, making for greater stiffness. There are two main bearings 
and one thrust bearing. The propeller hub flange is spliced on to the crank- 
shaft and is part* of the engine. The accessory drive, connected to the 
crankshaft by an Oldham coupling is in the rear. 

The two cam rings in the rear are each one piece forgings, with the gear 
on the inside, an integral part. The cam rings each run at engine 
speed and each has four lobes. In contact with the rings are the roller 
followers working in permanent mould aluminum valve guides and operat- 
ing duralumin push rods with pressed ball ends. The push rods are en- 
closed in aluminum tubes and are fitted with a roller tappet at the upper 
end. 



Fig. 491. — Super Rhone Radial Air-Cooled Engine. 


The crankcase is made up of two heavily ribbed halves joined on the 
center line of the cylinders. This construction is said to facilitate the as- 
sembling of the connecting rod and crankshaft as a unit, reducing produc- 
tion costs. In addition, it assures more uniform and sound castings and 
eliminates a number of foundry problems. It is made of aluminum alloy. 
The intake manifold induction system is carried in a separate casting bolted 
to the rear of the crankcase. It consists of annular induction ring with 
manifold pipes connected to it and bolted to the sides of the cylinders. It 
is circular with a diameter of seventeen inches having eight mounting studs. 
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Mounted below and to the rear of the cylinders is the Stromberg 
NASS A carburetor with the intake heated by the exhaust gases of the two 
lower cylinders. Between the carburetor and the annular induction ring 
is the oil sump, connected to the scavenger oil pump which feeds to the oil 
tank, from where the oil is forced by the pressure pump' to all of the plain 
bearings and by splash to the cylinders. The engine is equipped with two 
Scintilla magnetos, each mounted at 33 degrees from the center line so as 
to make them more accessible and to allow for the mounting of a starter 
between them. The magnetos are driven through bevel gears, on SRB 
ball-bearings, from the counter shaft coupled to the crankshaft. 

The general specifications on the Warner “Scarab” engine are as 
follows : 


Type Static radial, air cooled 

Number of Cylinders 7 

Number of Cycles 4 

Propeller I)ri\c direct 

Rated power 110 hp. 

Rated speed 1850 r. p. m. 

Maximum power 122 hp. 

Maximum speed 1 ( >50 r. p. m. 

Weight dry, without huh or starter 270 lb. 

Specific Weight 2.45 lb. per hp. 

Guaranteed fuel consumption at rated power 50 lh./hp./hr. 

Guaranteed oil consumption at rated power 01 lb /hp./hr. 

Compression ratio 5.2 

Mean effective pressure 112 

Pore 4 / in. 

.Stroke 4 / in. 

Displacement 422 cu. in. 

Overall diameter 35 ]/ in. 

Overall length, without starter 27 / in. 

Diameter of mounting ring 17 in. 

Ignition dual Scintilla 

Carburet ion Stromberg NAS5A 


The Super Rhone Engine. — This is a modification of a very popular war- 
time engine that was built originally to be a revolving cylinder fixed crank 
type. A special conversion has been designed and patents applied for by 
Charles E. Quick and the modified engine is produced by a firm who pur- 
chased the wartime surplus from the Government. The LeRhone rotary 
engine, which forms the basis of this engine, was used by France and Eng- 
land in very large quantities and with excellent results. Converting the 
engine to a fixed radial type has resulted in a marked decrease in fuel and 
oil consumption with a resulting increase in power output because the 
engine can be run faster with fixed cylinders and the horsepower formerly 
used in turning the cylinders through the air is now delivered to the crank- 
shaft. Most of the American pursuit pilots who were instructed at the 
Third Aviation Instruction Center of the A. E. F. at lssoudon, Indre, 
b ranee, received their preliminary training on airplanes equipped with the 
Ce Rhone engine. The cylinders are of steel with circumferential flanges 
turned on the barrel and longitudinal flanges milled in the heads. In the 
rotary form, the gasoline was admitted through a hollow crankshaft, and 
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castor oil was necessary for engine lubrication, and large quantities of oil 
were thrown out of the exhaust ports as the cylinder assembly revolved. 
This made this form of engine an exceptionally dirty form to ride behind, 
which of course, was true of other rotary types such as the Gnome and 
Clerget. Complete cowling interfered with the cooling and was not used 
so pilots trained with the rotary engines know the taste and smell of par- 
tially burned castor oil very well. None of these faults are found in the 
Super Rhone. 

From the nature of its construction, with its taper jointed counterbal- 
anced crankshaft of single throw, complete disassembly can be accom- 
plished by a mechanic of ordinary ability in thirty minutes time, thereby 
reducing lost flying time in schedule service to a minimum. The saving in 
weight through the elimination of the radiator and the water piping and 
connections, as welt as the water itself, permits greater pay-load than with 
the water-cooled engine, and. at the same time, it removes a cause of fre- 
quent trouble with consequent forced landings. The absence of the radia- 
tor reduces head resistance, giving greater speed and maneuverability, and 
again reduces cost. The internal construction of parts is practically the 
same as the LcRhone engine described at some length in a preceding 
chapter. 

In the Super Rhone engine shown at Fig. 491 any complications in effec- 
tive air-cooling have been entirely overcome by a simple process which 
admits fresh air, under atmospheric pressure, to the crankcase, and which 
forces a complete change of air within the crankcase with each revolution. 
Thus, excessive accumulation of heat at the center is eliminated by the free 
passage of fresh cool air, this tending also, bv regulation of temperature 
and pressure, to reduce oil consumption to a minimum. 

The engine mounting which forms the basis of the conversion also 
serves as an intake manifold, is a strong, clean aluminum casting of tested 
strength. It carries, on its rear and lower side, a flanged face opening to 
which the carburetor is attached and from which opening the explosive 
gases are carried to a central chamber from which they are conducted by 
individual ducts to apertures in the periphery of the casting where the 
intake pipes that lead to each cylinder arc fastened. Thus each cylinder 
draws its gases as needed from this central chamber, eliminating thereby 
the excessive amount of gas in anv one cylinder which is the most frequent 
cause of fouling in air-cooled engines and often attributed to lubrication 
faults. This engine mounting has two properly surfaced flanged extensions 
toward the rear, two inches wide and thirteen inches long, which form the 
means of fastening the engine to two engine beds as is the practice in 
water-cooled types. This cheapens installation costs by the elimination of 
expensive circular mounting brackets, and readily adapts the engine to 
installation in the u^ual manner. The engine mounting, also, carries the 
magneto and oil pump, and the scavenger pump, and it is to be noted that 
the engine proper may be withdrawn from this mounting without disturb- 
ing fuel, oil or electrical connections and controls. 

The crankshaft of the Super Rhone has been carefully and efficiently 
counterbalanced, and vibration is reduced to a minimum. The % rear*end of 
the shaft extends backward about sixteen inches, and from it are driven 
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the magneto, oil pumps and distributor. The lubrication of the Super 
Rhone is effected with ordinary mineral oil of high viscosity, easily obtain- 
able in any locality. Castor oil is not needed. Oil is supplied to the pump 
from which it is forced through a duct drilled through the length of the 
crankshaft to the working parts. 


SPECIFICATIONS 


The general specifications of the Super Rhone engine are as follows: 


Type 

Number of cylinders . . 

Bore 

Stroke 

Piston displacement . . . 
Compression ratio 
Direction of rotation . 

Fuel consumption 

Oil consumption 

Rated power 

Normal speed 

Weight 


Air-cooled fixed radial 
Nine 

.105 nun. or 4.13 in. 
,140 mm. or 5.51 in. 
667 cu. in. 

.5.2 : 1 

. Counter-clockwise 

to 10'A gal per hr. 
. >4 to 1 gal. per hr. 
.120 bp. 

.1400 r.ptn. 

.340 lb. 


The installation dimensions of the engine are: 


Length, overall 36 in. 

Diameter, overall 36 in. 

Engine bed flanges, inside clearance 119/16 in. 

Engine bed bolts, renter to center 13 9/16 in. 

Distance, bottom of carburetor to engine bed 13 in. 

Distance, hub line to carburetor 19 in. 


Velie Aircraft Engine. — Yelie Motors Corp., Moline, 111., was one of the 
latest automobile manufacturing concerns to enter the aircraft field. This 
company is now in production on a five-cylinder, four-cycle, air-cooled 
radial aircraft engine, developing 70 horsepower at 1,800 r.p.tn., and 80 
horsepower at the maximum of 2,000 r.p.in. The engine is being used in 
the “Monocoupe" airplane of Mono-Aircraft, Inc., also of Moline. The 
engine, dry, without hub or starter, weighs only 210 pounds, giving a weight 
of 2.63 pounds per rated horsepower. Installed in the two-passenger Mono- 
coupe, tests have shown that it will take off in three to five seconds, cruise 
at 85 m.p.h., with a top speed of 100 m.p.h., land at 30 to 35 m.p.h., and 
operate with a gasoline consumption of approximately 20 miles to the 
gallon. 

Special features of the engine, shown at Fig. 492, are its solid master 
connecting rod and two-piece crankshaft, simple valve mechanism and ab- 
solutely clean lines in front, making for minimum head resistance. The 
main crankcase is one piece with the mounting ring cast integrally. Bore 
and stroke are 4j/« inches by 344 inches and piston displacement is 250.6 cubic 
inches. The engine has a compression ratio of 5.2. Diameter of the mounting 
ring is 12J4 inches ; height, or overall diameter, is 32 inches and the length 
without starter is 27 inches. The guaranteed fuel consumption at the rated 
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horsepower is .55 pound per horsepower-hour. Oil consumption is .025 
pound per horsepower-hour. 

The gear case cover carries the magneto, oil pump and tachometer 
drive. Three hall-hearings support the single-throw, two-piece crankshaft, 
the bearings being placed one on each side of the crankpin and the third 
just behind the propeller huh. The last-named bearing takes the propeller 
thrust as well as the radial load. 



Fig. 492. — Velie Five-Cylinder Static Radial Aircraft Engine. 

To assemble the single-piece master rod the shaft is divided into front 
and rear sections, the crankpin being integral with the forward section 
which transmits the power to the propeller huh carried by it. The crank- 
pin telescopes into the rear section and is carried completely through it. 
A bolt passes through the hollow crankpin and crankchceks to assemble 
the crankshaft halves while the two telescoping crankpin parts are located 
by means of a key. 
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Use of the split type crankshaft has become more popular recently in 
this country, since it eliminated the assembly bolts in the split master rod 
necessary with the solid shaft. These bolts, especially in a radial engine, 
are subject to considerable shearing strain, while any inaccuracy of fit or 
wear of the bolts permits relative motion of the rod halves. The babbitt 
bushing, spun in the rod, bears directly on the crankpin itself, and four con- 
necting link rods are attached to the master rod by means of wristpins. 
The link rods are bronze-bushed for the piston end wristpins and all bear- 
ings are oiled under pressure. 

Cylinders are of nickel steel with integral fins. Heads are cast of 
aluminum alloy. Each cylinder has one inlet and one exhaust valve, seat- 
ing in the head on aluminum bronze. Valve lifters are of the roller type 
and both intake and exhaust valves operate from the same cam. Silchrome 
steel is used for the valves and both intake and exhaust have a diameter 
of 1 inches with inch stems. 

The large cylinder fins, the head construction and the valve propor- 
tions are given major credit for the very low temperature claimed to be 
shown by the new engine in block and Hying tests. 

Two gear pumps comprise the oil assembly. One supplies oil under 
pressure to the engine bearings and the other is used for scavenging. Oil 
is taken from the tank by the pressure pump and is delivered to the oil 
collector ring, where it is forced through the center of the crankshaft to 
crank and wristpin bearings. The discharged oil is returned to the tank 
by the scavenger pump. There are only two oil lines in the entire assembly, 
the one for the inlet, or suction impulse, and the other for the outlet, or 
scavenging action. The skirt of the cylinders extends into the crankcase, 
acting as an oil shield, thus preventing excess oil from entering the cylin- 
ders while also keeping down the overall diameter. 

Ignition is furnished by two Scintilla magnetos located at the rear of the 
engine, which fire two sparkplugs in each of the five cylinders. The engine 
is equipped to take the standard mounting of Eclipse electric starter, which, 
complete with battery, weighs only 40 pounds and is optional equipment. 
The engine is completely equipped, ready to operate, with Zenith carbu- 
retor, carburetor heater, two magnetos, propeller hub, mounting ring, 
exhaust ring, complete set of tools and instruction book. 

Features of the ASSO 80 T Engine. — The crankcase is in two parts. The 
upper, together with the cylinders, is one block election casting. The cylinder 
sleeves are pressed into the cylinders. The lower part completely encloses and 
protects the moving parts and contains the oil-pump. Separate cylinder-heads 
are used for each cylinder, cast in electron, in one block with the intake-mani- 
fold and exhaust-port. Pistons are made of aluminum alloy and are hollow- 
shell castings with three compression rings at the upper end, and oil-scraper ring 
at lower end. Connecting rods are of special heat-treated steel, double T 
section. Seven crankshaft-bearings of the plain journal type are used and 
in the front, between first bearing and propeller-hub a ball thrust bearing is 
interposed to take propeller thrust. The propeller-hub is of the Rudge-Whit- 
worth type. Two camshafts one on each side of the engine operate the intake 
and exhaust valves. The right hand camshaft actuates the gasoline pumps, the 
left one the oil-pump. Ignition is by double ignition, two Bosch magnetos 
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Fig. 492 A. — Views of the Isotta Fraschini ASSO SOT Air-Cooled Engine Which Has 
Six Cylinders Cast Integrally with Top Half of Crankcase, Which is a Special Mag- 
nesium Alloy Known as Electron. Steel Liners Are Used in the Cylinders. 
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SPECIFICATIONS 


Isotta-Fraschini Aviation Motor Type “ASSO 80T” 

Cooling system Air 

Bore 3 15/16 in. 

Stroke 3J4 in. 

Cylinders 6 in line 

Total cubic capacity 402.75 cu. in. 

Tip. 80 1400 r.p.m. 

Hp. 100 1550 r.p.m. 

Compression ratio 1 :5.5 

CJas consumption per 1T|> /hour 0 507 lbs. 

Oil consumption per 1 Ip /hour 0.043 lbs. 

Weight of motor with hub 242 lbs. 


Anzani Aviation Motors. — Leaping* into fame through the crossing of 
the channel between England and France in July, 1909, Anzani Radial 
Air-cooled Motors have retained their place as the most widely distributed 
aviation motors in the world. M. Anzani has always envisaged the sport 
airplane, a machine so simple in its powerplant that it could be cared for 
by the average owner and that repairs would he even more simple than for 
the average motor-car engine. Following this idea, Anzani engines have 
always been simple and strong. This year certain changes have made the 
engine even more simple and even more reliable than ever before and these 
same changes have resulted in a tremendous saving in lubricating oil con- 
sumption. 

All Anzani engines are built to conform to the severe standards imposed 
by the French Government for aircraft engines, which standards are far 
more severe than those of the United States Department of Commerce. 
The revolutions have been kept low to insure long life, the normal speed 
being from 400 to 1,800 r.p.m. The fuel consumption for Anzani engines, 
according to the 50-hour tests run by the French Government at the Chalais 
Meudon Laboratory, shows an average specific fuel consumption during the 
50-hour runs of 260 grams per horsepower-hour. With the new oiling 
system, a specific oil consumption of ten-twelve grams per horsepower- 
hour can he counted upon. 

Cylinders and Crankcase. — The cylinders (A) are of an iron-nickel-steel 
mixture, cast at the Anzani foundry. This alloy is extremely hard and gives 
wonderful service. The cooling fins are deep and thin, giving ample radia- 
tion. The valve guides, sparkplug bosses, etc., are cast integral. The lower 
end of the cylinders form a long sleeve extending into the crankcase, at 
the same time acting as an oil shield. The cylinders are held down by two 
long studs each, which extend to the heads and which are so pinned at the 
crankcase end that they are carried on the crankcase through bolts (AF) 
which pass through them. Thus, the force from the explosion pressure 
is carried directly from the cylinder head through these alloy steel studs to 
the crankcase through bolts (AF), which also serve to hold the engine on 
the mounting plate. Simply removing the two nuts from the exhaust mani- 
folds and the two cylinder hold down nuts permits the cylinder to be with- 
drawn without disturbing any cowling, etc. The inlet header pipes (Q) 
are a sliding fit into the inlet manifold (AN), which is cored in the crank- 
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case, so that the header comes right off with the cylinders and no joints 
are broken. Carrying the cylinders on the studs and the crankcase assem- 
bly on the same studs allows us to carry nearly all of the major stresses 
directly on alloy steel members, permitting the use of simple light castings, 
which reduce weight and increase reliability. In fact, the crankcase simply 
acts as a spacer and oil container and the ends as plates to carry the main 
bearing forces to the through bolts. The crankcase itself is a two-piece 
aluminum casting (AR), split vertically and fitting together with a dovetail 
joint. The front portion is hemispherical on the nose, so as to keep down 


Exhaust 1 fa/ve Rocker 



Fig. 493. — Sectional View of Cylinder Showing Valves and Actuating Rocker Arms of 

Anzani Engine. 

head resistance. It carries the front main (AM) and thrust bearings (AL, 
AP). The rear half carries the rear main bearing (AQ), the camhousing, 
tappet guides (R), inlet manifold (AN) and mount ring, while the mag- 
netos (AB) mount on the camhousing cover, which bolts to the rear half. 
The sectional view of the cylinder at Fig. 493 shows the construction very 
clearly. The lettering on Fig. 495 is intended to accompany the descriptive 
matter and instructions which follow. 

Pistons. — The pistons (B) are of aluminum alloy, having a convex head 
which thickens towards the skirt so as to better conduct the heat. The 
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pistons are fitted with three rings and the skirt is relieved annularly the 
width of the piston ring, so as to feed oil into this member and to prevent 
rubbing on the cylinder wall due to uneven expansion. The piston pin 
bosses are supported by a heavy rib cylindrical in form and concentric with 
the piston wail. This patented feature gives a very stiff support to the 
piston pin in all directions and any expansion is concentric with the piston 



Fig. 494. — Front View of Airplane Fuselage Showing Typical Motor Mounting 
for Anzani, Ten-Cylinder Aviation Engine. 

walls and cannot cause distortion. The piston pins (O are of low carbon 
chrome-nickel steel having a thick section in the center and tapering toward 
the ends. The pins are case hardened, ground and polished. They float in 
the bushed head (I)) of the connecting rod and the piston pin bosses in 
which they are kept from end motion by spring steel rings (E), which set 
into grooves in the boss boxes. 

Valves and Rocker Arms. — The valves are of the flat in the head type, 
'vhile in the new type motors they have a tulip shaped head. The valves 
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are so located that the propeller blast strikes the exhaust valve and the 
exhaust pipe first and the heat is carried over the inlet passages. The inlet 
headers (Q) are of aluminum castings; they are carried back of the cylin- 
ders so that they are kept hot in the coldest weather. The valve rocker 
arms are carried in a steel pedestal (N) which screws into a boss cast on 
the inlet passage in the cylinder. The long exhaust rocker (H) is placed 
above the shorter inlet rocker (I). The pivot pins are hollow case hardened 
bolts which hold sufficient bearing oil to lubricate the rocker arms for a 
long period. The valve springs are made of alloy steel with heavy retain- 
ers (G) and split annular retainer locks. 



Fig. 495. — Sectional View Outlining Construction of the Six-Cylinder Anzani Motor 
Showing Simplicity of Valve Operating Gear and Generally Substantial Construction 

of the Engine. 

Inlet Manifold. — The carburetor header (AG) fastens on to the lower 
part of the rear half of the crankcase so. that it extends through the bottom 
of the airplane fuselage, eliminating fire risk. The inlet manifold (AN) is 
cast integral in the crankcase and carries the header pipes back of the cyl- 
inders. This disposition affords enough heat radiation from the cylinders 
to heat the mixture sufficiently to insure thorough vaporization without 
preheating the carburetor. On the 250 horsepower engine a double choke 
carburetor is used with two small manifolds and two sets of small header 
pipes leading to individual inlet valves (two per cylinder). It keeps the 
gas speeds high enough to insure perfect distribution; yet the combined 
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area is great enough to insure rapid and complete filling of the cylinders. 

Magnetos. — The magnetos(AB), oil pump (AE) and tachometer drive 
(AD) are mounted on the camhousing cover plate, extending through the 
hole in the mounting plate into the fuselage where they are fully protected 
from the weather. 

Connecting Rods. — The connecting rods (F), of the particular Anzani 
design, are of the same type which they have used since they built the first 
"Y” type engine in 1908. Numerous attempts have been made to make 
modified copies of these rods and Anzani has tried out every known scheme 
in experimental motors, but has retained a perfected form of the original 
rods, as this type has given the best satisfaction of any. The advantage 
of such disposition is quite apparent: All rods are the same length, the cen- 
ters of all rods pass through the center of the crankpin, giving the same 
stroke for all cylinders, insuring equal timing. The assembly is easily 
taken down and repaired. It is very light and the large bearing areas make 
for long life. All wearing parts are quickly and cheaply replaced. 

The crankpin bearing (AK) is a babbitt lined bronze bushing dovetailed 
at the joint. It floats on the crankpin and is held from end motion by fillets 
at the juncture of the crankpin s and the cheeks of the throw. The diago- 
nally cut slippers at the lower ends of the rods bear on the outside of this 
bushing and the rods are held in place and from end motion by two split 
bronze collars (AJ), which bear on the outside of the rod slippers. While 
the actual length of the slipper is about 60 degrees of the outside circum- 
ference of the bushing, the diagonal cut makes the effective length much 
greater and prevents any canting. The angular motion of the rods under 
the collars and over the bearing is very slight, as both the collars and the 
bushing float and the whole assembly bathes in oil. The life of the bearing 
and collars is very long: much longer, in fact, than any fixed liner-in rod 
or nest of rods. The joints of the collars are dovetailed and they are held 
together by alloy steel bolts. The connecting rods are chrome-nickel steel, 
machined and polished. The bronze piston pin bushing (C) is pressed into 
place and pinned with two bronze pins. In the three- and six-cylinder 
motors, there are three rods in each nest, while on the ten- and twenty- 
cylinder motors there are five. 

Crankshaft. — The crankshaft (AO) is of the hollow type made in one 
piece, excepting the extension (AC), driving the cam and magnetos, which 
is screwed and pinned into the main shaft. 

The center web of the crankshaft is undercut so as to bring the axis 
of the cylinders more closely together and to minimize the slight rocking 
couple which is the only unbalanced force present. A two-throw crank permits 
one set of unbalanced forces to neutralize the other, something which can- 
not be done with a single-throw crankshaft, regardless of the counter- 
balancing. The crankshafts are of chrome-nickel steel, machined and pol- 
ished. They are counterbalanced very carefully, giving an extremely 
smooth and vibrationless engine. A two-throw shaft is used on the six- 
and ten-cylinder engines, while a single-throw counter-balanced crankshaft 
is used on the three-cylinder engine. The crankshaft is hollow and provides 
ample passage for oil lubrication. The oil is fed into the shaft through the 
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two main bearings (AM, AQ). Oil holes are provided in the crank throw 
pins and afford adequate lubrication to connecting rod bearings and collars. 

The main bearings are of the same type as used on the original Anzani 
Aviation Engines, a combination of plain- and ball-bearings (AH, AL, AP). 
The main bearings proper (AM, AQ), are of the babbitt lined bronze type, 
the bronze shell combining a cup on the inner end in which a large ball 
thrust bearing (AL) is seated. 

Distribution. — The valve mechanism of the Anzani is very simple, hav- 
ing a single piece inlet and exhaust cam (W). The timing gears, driven 
through intermediate gears (X), revolving at one-half camshaft speed, 
operates the entire valve mechanism which is clearly shown at Fig. 495. 
The inlet cam (V) consists of two narrow faced cams on opposite sides of 
the exhaust cam (W), the inlet tappet (T) being hollow and having a slot 
milled through it at the lower end leaving it fork shaped. Each tang of 
this fork rides on a face of the inlet cam, while the exhaust push rod (S) 
bears in the bore of the inlet tappet. The exhaust tappet has a roller (U) 
on the lower end, which extends through the slot in the inlet tappet and 
a slot milled in the bronze tappet guide (R), which prevents the whole 
assembly from turning. The exhaust tappet operates a single push rod 
(P) to the rocker arm, while the inlet tappet operates two smaller push 
rods (O) located on either side of the exhaust tappet to the inlet rocker 
arms. All of the push rods have adjustments at the tipper end (LM). The 
intermediate gear (X) operates the oil pump (Ah'), the tachometer drive 
(AD) and the scavenger pump, which returns the oil from the lower oil 
collector tank to the nourriee tank. The magnetos are driven by a gear 
(AA) on the end of the crankshaft extension (AC). 

Timing. — As in other operations connected with the servicing of the 
engine, the timing operation has been simplified to a high degree. No tim- 
ing disc is used, No. 1 cylinder being provided with a timing hole in the 
head in which sets a screw, giving access to the combustion-chamber. The 
cam cover plate can be removed with the engine in place and the timing 
gears disengaged. 

To time the engine remove the screw in No. 1 cylinder, put a piece of 
rod through the hole and bring the piston to top dead center. Put a scratch 
on the rod so that it registers with a division on a metric scale stood 
on the cylinder head beside the rod. Then turn the engine over in the 
direction of rotation until the mark on the rod has dropped four to five 
millimeters; then turn the cam so that the exhaust valve of No. 1 is just 
closing and mesh the gears. Replace the cover and turn the engine one 
complete turn ; then with the piston on top dead center, turn the propeller 
against the direction of rotation eight millimeters on the scale for the 
90x105 millimeter cylinder and turn the magneto so that the breaker points 
are just breaking, the brush in the distributor on No. 1 segment and mesh 
the gears. 

Three-Cylinder 

Horsepower, 30; weight, 110 pounds. 

Bore, 90 millimeters; stroke, 120 millimeters; 1,800 r.p.m. 

Horsepower, 35; weight, 132 pounds. 

Bore, 105 millimeters; stroke, 120 millimeters; 1,800 r.p.m. 
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Timing — 

Exhaust valves open eighteen-twenty millimeters before bottom dead 
center. 

Inlet valves open four-five millimeters after top dead center. 

Spark, six-eight millimeters before top dead center. 

Six-Cylinder 

Horsepower, 60; weight, 165 pounds. 

Bore, 90; stroke, 120; 1,600 r.p.m. 

Timing — 

Exhaust valves open eighteen-twenty millimeters before bottom dead 
center. 

Inlet valves open four-five millimeters after top dead center. 

Spark, six-eight millimeters before top dead center. 

Horsepower, 80; weight, 215 pounds. 

Bore, 105; stroke, 125; 1,600 r.p.m. 

Timing — 

Exhaust valves open twenty-twenty-five millimeters before bottom 
dead center. 

Inlet valves open four-five millimeters after top dead center. 

Spark, six-eight before top dead center. 

Ten-Cylinder 

Horsepower, 120; weight, 320 pounds. 

Bore, 105; stroke, 140; 1,600 r.p.m. 

Timing — 

Exhaust valves open twentv-twenty-five millimeters before bottom 
dead center. 

Inlet valves open four-five millimeters after top dead center. 

Spark, six-eight before top dead center. 

The clearance between the exhaust rocker arms and valve stem should 
be .018 inch to .020 inch and the inlet rockers are adjusted so as to open 
as the exhaust closes, which should give about the same clearance. Such 
clearances should be measured when motor is cold. 

Anzani Engine Care and Operation. — The following rules should be 
carried out after every long flight and if maximum service and long life 
is expected from the engine after every flight: When the engine is still 
warm, take off all sparkplugs and clean them with gasoline and a stiff 
brush, at the same time check each electrode gap. Before replacing spark- 
plugs squirt kerosene into the cylinders, which will help remove carbon, 
burnt oil and will prevent gumming of piston rings. The propeller should 
lie turned over sw iftly a few' times, thus throwing out excess kerosene from 
the cylinders. Likewise, kerosene squirted on valve stems while motor is 
s till warm, prevents sticking valves. Magneto distributors and brushes 
should be examined after each flight. The distributor should be kept clean 
from grit and oil. The breaker points should be checked with a .020 inch 
gauge and the cleanliness of the points should he ascertained. When the 
engine is started, it should be run for a little while at closed throttle. The 
fact that an air-cooled engine warms up rapidly is no excuse for throwing 
1 full load on a cold engine. Every engine should be idled with closed 
throttle or nearly closed throttle for several minutes so as to afford ade- 
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quate distribution of oil throughout the motor before a load is thrown on 
the bearing. Do not accelerate engine until it has been warmed up thor- 
oughly. 

To Stop Engine. — The proper way to stop the motor is to shut off the 
gasoline supply and let the motor die out from the charge held in the car- 
buretor bowl. If it is inconvenient to do so, it is advisable to let the motor 
idle for five minutes or so before cutting the switch, this will not only give 
the valves a chance to cool down, but distribute oil through the inside of 
motor so as to have the parts well lubricated for the next start. More air- 
plane motors are harmed through neglect of these perfectly simple rules 
than any other cause. Improper stopping is the greatest source of valve 
trouble in aviation motors. Proper lubrication of all moving parts, such 
as rocker arm pins, valve stems, etc., should not be overlooked, the rocker 
arm pins are left hollow on purpose and these should be filled with a heavy 
oil every time the motor is used so as to insure adequate lubrication of the 
rocker arms. 

STANDARD ANZANI ADJUSTMENTS 

Sparkplugs. — It is advisable to keep a close check on the spark gap. 
The best plug for Anzani motors are the RG and the AC, although any stand- 
ard aviation mica body plug can be used with satisfaction. Sparkplugs 
should ha\e .018 inch clearance between electrodes. 

Magneto Breaker Points. — Gap between breaker point when fully open 
should be of .020 inch. It is possible to obtain better results if the breaker 
gap is reduced to .018 inch. The makers do not recommend one to change the 
gap distance, unless the motor has a tendency to miss high speed ; only then 
should the reduced gap distance be tried. Great care should be also taken 
to see that the small rocker arm on which is mounted one of the platinum 
points should move freely on its axis, if it is found that it has a tendency 
to bind, carborundum cloth may be used to polish the axis lightly. 

Valve Clearances. — Inlet and exhaust valves should be set respectively 
at a clearance of .018 inch and .020 inch between end of rocker and valve 
stem. 

Lubrication System. — For motors provided with rotary pressure pump: 
When the motor is new or under ten to fifteen hours of running time, the 
bypass of the pump must be pointing to the letter “O’* as stamped on the 
cover; it is then wide open, feeding a full supply of oil. Leave it this way 
until the engine is well run in; after this, shut it off slightly towards the 
letter “F” so that no oil overflows out but enough to properly lubricate the 
engine, the oil gauge should read from five to six pounds, with a cold motor 
and not less than from two to three pounds with a warm motor. For the 
plunger type pump, if pump is found to feed too much oil, a spacer gasket 
of inch can be inserted under the plunger cover. 

Insufficient Lubrication. — If through oversight or any other cause, the 
engine does not receive sufficient lubrication and begins to heat and pound, 
it should be stopped immediately. After allowing engine to cool, the opera- 
tion of the oil pump should be ascertained and half a gallon of oil should 
be poured in a crankcase through the breather holes, but not before the 
exact cause of this sudden overheating has been found and corrected. It 
is also advisable, in this case, to disconnect the oil leads to the crankcase 
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and using an oil gun to force a quantity of oil into each oil lead, turning the 
motor over slowly by hand all of the time so as to fill the crankshaft leads 
and bearings with oil. 

Carburetor. — Care should be taken to ascertain if all nozzles and jets 
are tight in the carburetor. It is a wise practice before each flight to take 
off the well cover nuts, to ascertain that no water has collected, as this 
is the lowest point in the carburetor. A very few drops of water lodged 
in the bottom of the unions will suffice to produce transient difficulties in 
carburetion. Assuming the amount of water to be small, the trouble may 
be remedied by taking out the two hexagon nuts under the jets and empty- 
ing the carburetor. 

Ignition System. — It is most important that after every long flight, the 
distributor block be detached and wiped off with a soft cloth. The carbon 
brush leaves a deposit where it runs between the contact points which often 
enables the spark to jump across from one terminal to the other, thus caus- 
ing the motor to misfire and run roughly. If this deposit cannot be re- 
moved with a cloth dipped in gasoline, a very fine emery cloth can be used 
to polish the distributor lightly. The dust resulting from this polishing 
must be wiped off carefully with a rag. 

Propeller. — It is of great importance that the propeller be tracked to 
one-eighth of an inch and a check should be kept on its tracking every ten 
hours of flying time. If it is not true, excessive vibration a\ ill result. An- 
zani propeller hubs are put on Aery tightly on the motors, after being lapped 
and in consequence there is an absolute metal to metal bearing between the 
hub and the crankshaft cone. When the propeller huh is withdrawn, the 
metal in the hub and on the crankshaft cone is sometimes torn. When the 
hub is replaced, instead of fitting tightly on the shaft, the torn metal on 
the shaft rests on the torn metal on the hub and after a few hours running, 
the hub becomes loose and is liable to break the key way. It is not neces- 
sary to withdraw the hub to apply or remove the propeller, as the engines 
are of the fixed huh type and the hub should only be withdrawn in case of 
a complete engine teardown. After the hub has been withdrawn, it should 
be lapped carefully on the crankshaft before setting back in place. 

Crankcase. — Care should be taken that the crankcase holts should not 
he tightened with too great strength, as a certain heat expansion takes place 
and if the bolts are tightened too much, the strain on the crankcase is liable 
to cause it to split. When the motor arrives from the factory, no tighten- 
ing of the holts should take place as they have been carefully tightened and 
safetied with counter nuts before leaving factory. Crankcase end play 
should be at least .018 inch. 

Preparation to Start Engine. — Before starting the motor for the first 
time, it is a good plan to take off the oil pipes where they join the crankcase 
and force oil down these openings with an oil gun while the motor is being 
turned slowly by band. After a quantity of oil has been forced into the 
oil ways, the connection should be tightened, the tank should be filled. 
With the plunger type pump a supply of Jd gallon must be poured in the 
crankcase through breather pipes. Always fill gasoline tank through a 
drainer of chamois skin, this will afford clean gasoline supply, the strainer 
< atchihg water and other impurities. Rocker-arms, rocker-arm pins and 
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valve stems should be thoroughly lubricated with heavy oil. Magneto 
should be given two or three drops of oil every five hours of running. 

After all the parts are oiled and the tank filled, the following must be looked 
after before starting the motor: See that magnetos are properly grounded. 
See that magneto bolts are tight and safety wired. See that magneto cables 
are in good condition. See if the two intake push rods are securely bound 
together with safely wire, the absence of such causing floating and break- 
ing of push rod adjustable eyelets. They must be bound together just 
below the adjustable eyelets. See if rocker arm tappets have the proper 
clearance. See that oil and gasoline lines are in perfect condition. See that 
propeller bolts are safety wired. Every month all cylinder hold down nuts 
should be gone over to ascertain whether they are tight. The proper way 
to tighten these nuts is to pull them down tight and then unscrew one-third 
of a turn, thus allowing for heat expansion. It is important not to forget 
to rccotter. After making sure that above rules have been observed, the com- 
pression of cylinders should be tested by turning propeller slowly. 

Starting the Engine. — Do not forget to short both magnetos. Open: 
throttle slightly, flush the carburetor and with the switch “off” turn pro- 
peller over several times to draw' in a charge, turn the ignition swdtch on 
“contact” and pull propeller swiftly over compression. This should start 
the motor immediately. 

Failure to start the engine might be caused by the following conditions: 
In cold weather the carburetor should be primed well. In warm weather 
it should only be primed slightly. After the engine has once been started, 
only a slight priming is necessary in order to insure quick starting. 

If one makes several attempts to start the engine as above directed and 
does not succeed, it is advisable to ins]x*ct the ignition system, checking first : 
That all cable terminals are in their proper places and secured. That the 
breaker points have the proper spacing. That the distributor heads are 
clean and free from oil and carbon deposit. That the distributor brush 
does not bind. That ground wires are not shortened in any place. That 
magnetos deliver a spark when turned over. If the sparkplugs have not 
been cleaned as advised, they should be removed and cleaned thoroughly. 
If the ignition system is found to be satisfactory, the trouble must be in 
the carburetion. The carburet ion float may be punctured and filled with 
gasoline. The needle valve might not work freely or obstruction between 
valve and seat might prevent its proper action. The gasoline line might 
be filled w r ith wvater or clogged with impurities. If the jets are found to 
be clogged, do not clean same with wfire or sharp instruments, this practice 
enlarges the metered holes and supplies an improper quantity of gasoline. 
They should be blown out with compressed air. The engine might have 
been flooded by excessive priming. In this case, with the switch “off,” 
open throttle wide and turn ov er propeller sw'iftly in the opposite w r ay of 
rotation a few revolutions, then close throttle and open switch, the motor 
ought to start without any additional priming. 

Decrease in Engine Efficiency. — After the engine has been continuously 
in service for a certain length of time, it may decrease in its r.p.m.; there 
are different causes for this: primarily the valves need grinding; they 
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ought to be ground after ail average of 90 to 100 hours of running time. 
The magneto distributor might be dirty, the carbon brush running between 
distributing points will leave a deposit, this fine dust will allow sparks to 
jump from one terminal to the other causing the motor to preignite and 
run roughly ; the distributor head must be removed and cleaned as previ- 
ously suggested. Through the use of low test commercial gasoline, the 
carbon deposit in the cylinder heads might prove to be a source of pre- 
ignition, pounding, vibration and loss of compression. It should be re- 
moved by scraping only. 

Gravity Feed Gasoline Supply. — If gravity feed gasoline supply tank is 
used as per the new Department of Commerce regulation, it is advisable 
that the drop between the lowest portion of the gasoline tank to the upper 
part of the carburetor or float chamber should not be less than 24 inches. 
If gravity tank is used and the engine runs satisfactorily at low speed, 
but cuts out at high speed, the trouble is undoubtedly due to insufficient 
height of tank, the size of gasoline line or air hole in tank. Care should be 
taken to keep air hole in tank cap free of any obstruction. 

Disassembling the Engine. — 'The actual operation of dismounting cylin- 
ders of the Anzani engine has been made so simple that it can be done in 
less than fifteen minutes for the three cylinders and 20 to 25 minutes for 
the six. To remove cylinders from crankcase for valve grinding or inspec- 
tion, first unscrew the studs holding the exhaust pipes or manifold, then 
remove cotter pins and unscrew the two nuts on the hold down rods of 
each cylinder. The cylinder can be removed without taking off the intake 
pipe which has a sliding lit in the crankcase, hut after the two inlet push rods 
eyelets have been disconnected from cam follower rod by removing the 
stop ring, or in other motors both cotter pin and stop ring. When the cyl- 
inder is ready to be pulled out of the crankcase, care should be taken to 
a\oid having the piston and rod fall against the crankcase or the next cylinder 
as it is liable to throw them out of line. The cam cover plate can be re- 
moved for inspection without taking the motor off its mounting. 

'The propeller should he mounted on the huh in the usual fashion; that 
is to say that the axis of the blades should he set one holt ahead in the way 
of rotation. This will afford easier starting by placing the compression at 
the easiest and safest point for cranking. 

Valve Grinding. — Take out the valve and clean it thoroughly, also not- 
ing whether or not the stem is clean, or otherwise in good condition. Re- 
place *he valve and grind by rotating it hack and forth, the grinding paste 
being between the valve and the seat. Care should he taken to raise the 
valve from its seat frequently, while grinding. This prevents making a 
groove in the seat. It is essential after the valves are ground to clean the 
entire cylinder with gasoline, wiping same with a soft, clean rag, making 
s ure all the grinding paste has been removed. The sides of the cylinder 
walls should be oiled with clean oil before the cylinders are slipped over 
pistons and put hack into place. 

Cleaning Pistons. — When slipping off the cylinders, care should he taken 
lo steady the pistons, so they will not fall over after cylinder is removed, 
which might result in distorting their shape. To remove the piston rings 
bree or four strips of Via inch spring steel should he used. These should 
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be slipped around the ring* until it is entirely free of the groove, after which 
it can be slipped off quite readily. Clean slots by scraping, taking care 
not to scratch the metal. Use cloth moistened with gasoline to clean the 
surfaces after carbon is removed. If there are any bright spots on the out- 
side walls of the piston, it shows an undue amount of friction is taking 
place at that point. A very fine file can be used to touch up these spots. 
(This should be attempted only by skilled or thoroughly competent 
mechanics.) Tn reassembling the rings in their respective grooves, they 
should be free to move around without binding at any place. Oil the pis- 
tons, rings, and grooves before assembling pistons in cylinders. 

If Anzani engine fails to start it may be due to any of the following 
causes: 1. Lack of gasoline, (a) Examine tank, (b) Examine shut off cock, 
(c) Examine filter, (d) Examine piping, (e) Examine hose connections, 
(f) Examine carburetor float valve. 2. Ignition ground-wire improperly 
connected. 3. Engine primed too heavily. Rotate engine backward with 
throttle wide open ten or twelve revolutions to clear the excess gas in cyl- 
inders. 4. Engine insufficiently primed. 5. Ignition wire improperly con- 
nected. 6. Ignition incorrectly timed. 7. Water in carburetor. 8. Throttle 
too wide open. 9. Throttle not open wide enough. 10. Valves improperly 
timed. 11. Air leak in intake manifold. 

If Engine Stops. — This may be due to 1. Lack of gasoline. 2. Water in 
carburetor. 3. Ignition trouble. 4. Engine overheated. 5. Lack of lubri- 
cation. 

If Engine Misses. — Irregular operation due to misfiring may be caused 
by 1. Sparkplug loose or defective. (A missing cylinder can be easily found 
after stopping motor by putting the hand on the cylinder cooling flanges. 
The cold cylinder is the one which does not fire.) 2. Water or dirt in car- 
buretor. 3. Breaker points of magneto binding or dirty. 4. Dirt or mois- 
ture in distributor. 5. Piston rings leaking oil, thereby fouling sparkplugs. 
6. Valve spring broken. 7. Unequal compression due to (a) Valve stem 
sticking, (b) Valve seat caked with carbon, (c) Valve warped, (d) 
Valve broken. 

If Anzani Engine Fails to Develop Power. — The following are the main 

reasons for reduced power output: 1. One or more cylinders missing. 2. In- 
sufficient throttle opening (at carburetor). 3. Insufficient spark advance, 
(a) Piping or shut off cock too small, (b) Obstruction in piping. 4. In- 
sufficient gasoline supply. 5. Gasoline tank air bound. 6. Improper car- 
buretor adjustment. 7. Improper lubrication. 8. Engine overheated. 9. 
Water in gasoline. 10. Air leak in intake manifold. 11. Excessive carbon 
(preignition). 12. Valves leaking compression. 13. Piston rings leaking 
compression. 

If Anzani Engine Overheats. — Check over the following: 1. Insufficient 
lubrication, (a) Empty oil tank, (b) Obstruction in oil lines, (c) Defective 
priming of oil pump, (d) Oil valve seat obstructed by impurities. 2. Im- 
proper carburetor adjustment. 3. Broken piston rings. 4. Excessive car- 
bon. 5. Poor gasoline. 

Try one thing at a time and in the order suggested. Once trouble is 
located, the remedy should be easy to apply. Correct fault immediately. 
To insure maximum service, the engine should be inspected thoroughly, 
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systematically at regular intervals. Some standard form of inspection 
should be adopted, adhered to, not only for engine inspection, but also for 
all connections, piping, tanks and motor-bed fixation. The suggestions 
given for trouble shooting and repair of components in other chapters can 
also be used for reference in connection with locating Anzani engine 
troubles and repairing them. 

Salmson Air-Cooled Engines. — The Societe des Moteurs Salmson 
was formed at the beginning of 1913 for the manufacture of sta- 
tionary radial type aero-engines, Canton-Unne system, following ex- 
periments since 1908. The qualities of these engines, demonstrated 
by the official trials effected at Chalais-Meudon and by the successes 
gained in aeronautical tests in which they participated, at once as- 
sured the prosperity of the company. From 1914 to 1918 the Societe dcs 
Moteurs Salmson developed considerably. The workshops for mechanical 
constructions were greatly enlarged and important forges, foundries, copper- 
smiths’ and carpenters’ shops, airplane and magneto factories were in- 
stalled. The works covering an area of 72,000 square meters enabled the 



Fig. 495A. — Two Models of Salmson Air-Cooled Engine for Light Plane Use. The 
Twelve Horsepower is Shown at the Left and the 25 Horsepower Six-Cylinder Model 

Shown at the Right. 

brcnch Air Hoard to take, in November, 1 ( H8, a monthly delivery of: 200 
complete airplanes, 650 aero-engines, 1,600 aero-magnetos. The importance 
•»f their output, their extensive works especially equipped for the construc- 
tion of aeronautical materials, their research department, laboratories and 
technical staff have made the Societe des Moteurs Salmson one of the most 
unportant aviation firms in France. 

Since this period, they have unceasingly pursued their technical efforts 
in connection with the stationary radial-engine, remarkable for its resist- 
mce, perfect balance at all speeds, simple oiling system, easy method of 
entering and mounting on the plane and its accessibility. Other important 
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points are the facility with which it is kept in order and the smallness of 
the unit considering its high power capability. The Societe des Moteurs 
Salmson was therefore the first to design a complete range of new types. 

On the other hand, the Societe des Moteurs Salmson have not discon- 
tinued their experimental work on the water-cooled engine and have con- 
structed the CM9 type — 260 horsepower and the CM 18 type — 500 horse- 
power which rapidly proved their exceptional endurance qualities: the 
CM 9 — 260 horsepow er by 300 hours tests effected at the official laboratories 
of Chalais-Meudon, the CM 18 — 500 horsepower by two tests of 150 hours 
each accomplished in fifteen periods of ten consecutive hours, without the 
replacement of any part or accessory. 

The Societe des Moteurs Salmson manufacture a complete line of dif- 
ferent tv pcs of engines which range as follows: 


Aiv-Coolcd Jin (/nies 


V'y/v.v 

Nominal Power 

R.P.M 

AI) 3 

12 IIP. 

1 .800 

AD 6 

25 HP. 

vrn 

ADO 

40 HP. 

2.000 

AC 5 

65 IIP. 

1 ,800 

AC 7 

95 HP. 

1.800 

AC o 

120 HP. 

1,800 

AH 9 

230 H P. 

1,700 

AP> 18 

460 HP. 

1,700 


II ' ater-Cooled linqincs 


CM 9 

260 HP. 

1,650 

CM 18 

500 HP. 

1 .650 


The AD3 twelve horsepower engine has all its principal parts such as 
cylinders, connecting rods, pistons, vahes, \ ak c-springs. rockers, etc., ab- 
solutely interchangeable with the corresponding parts of the engines AD^ 
40 horsepower and Al)6 25 horsepower, thus allowing a very noteworthy 
standardization for these three engines. 

The AD 3 twelve horsepower, which is shown at Fig. 495 A, engine 
is of the stationary type, radial, air-cooled, four-stroke, having three cylin- 
ders. l»orc: 70 millimeters; Stroke: 86 millimeters: Capacity: ( J93 cubic 
centimeters; Compression ratio: 5.6 to 1. The engine is suspended by rear 
crankcase. 

R.P.M. Nominal Power Power on Rising 

1,800 12 HP. 14 IIP. 

2,400 15 HP. 18 HP. 

At 1.800 r p.m. developing twelve horsepower: Fuel and oil consumption 
figures are : 

Aviation Petrol Castor Oil 

Per hour 3 kgs. 240 grs. 

Per horsepower hour 250 grs. 20 grs. 
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The engine dimensions arc : Length : 570 millimeters; Maximum radius : 
520 millimeters. Engine complete in running order with propeller huh, 
carburetor and magneto, without silencer weighs 34 kilograms. The AD 3 en- 
enginc has its propeller fitted direct to the crankshaft and revolves in a clockwise 
direction for an observer facing the propeller. A single induction pipe in 
the rear crankcase feeds each cylinder and receives the gases from the car- 
buretor fitted with a correcter. Ignition is by Salmson magneto and one 
sparking plug for each cylinder. 

Lubrication is insured by pump with return to oil tank for oil recovered 
from crankcase. 



Fig. 495B. — Nine-Cylinder Salmson 40 Horsepower Air-Cooled Engine. 


The AD 6 air-cooled engine, designed for use on the light touring plane, 
'\as registered in June, 1 ( )25, at the nominal power of 25 horsepower at 
DM) r.p.m. As the low-powered engine is not sufficiently in demand to 
Justify the building of an entirely new type of engine between twelve and 
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40 horsepower, the Societe des Moteurs Salmson simply decided on the 
production of their AD 6 25-horsepower engine. This they derived from 
their nine cylinder AD 9 40-horsepower engine, the characteristics of which 
will he found elsewhere, by suppressing on this engine three connecting 
rods, three pistons, three cylinders and three sets of valve gear, preserving 
however, at the same time a perfect regularity of cycle. The above engine 
fitted to a Gateau light plane, competed successfully at the meeting of Vau- 
ville in Juty-August, 1925. It can be adapted with the greatest ease to any 
light plane. The AD 6 25-horsepower engine has all its principal parts, 
such as cylinders, connecting rods, pistons, valves, valve-springs, rockers, 
etc. absolutely interchangeable with the corresponding parts of the engines 
AD3 twelve-horsepower and AD9 40-horsepower, thus allowing a very 
noteworthy standardization for these three engines. This engine is shown 
at right of the cut Fig. 495 A. 

The AD 6 25-horsepower engine is of the stationary radial, air-cooled, 
four-stroke type, having six cylinders. Bore : 70 millimeters; Stroke: 86 
millimeters; Capacity : 1.986 cubic centimeters; Compression ratio : 5.6 to 1 ; 
Suspended by rear crankcase. Nominal power at 1 /XX) r.p.m. 25 horse- 
power. 

At 1,900 r.p.m. developing 25 horsepower: Fuel consumption and oil 
used is 

Aviation Petrol Castor Oil 

Per hour 6 kgs. 25 500 grs. 

Per horsepower hour 250 grs. 20 grs. 

The length is 690 millimeters. Maximum radius is 320 millimeters. 
Engine complete in running order with propeller hub, carburetor and mag- 
neto, without silencer weighs 60 kilograms. The AD 6 engine has its propeller 
fitted direct to the crankshaft and revolves in a clockwise direction for an 
observer facing the propeller. A single induction pipe in the rear crankcase 
feeds each cylinder and receives the gases from the carburetor fitted with a 
correcter. Ignition is by Salmson magneto GG 9 and two sparking plugs 
per cylinder. Oiling is insured by pump with return to oil tank of oil re- 
covered from crankcase. 

The AD 9 40-horsepower, shown at Fig. 495 B, engine is of the station- 
ary radial, air-cooled, four-stroke having nine cylinders. Bore: 70 milli- 
meters. Stroke : 86 millimeters. Capacity: 2,979 cubic centimeters. Com- 
pression ratio: 5.6. The engine is suspended by rear crankcase. 

Nominal power at 2, (XX) r.p.m.: 40 horsepower. 

Power on rising at 2,000 r.p.m.: 46 horsepower. 

At 2,000 r.p.m. developing 40 horsepower the fuel and oil consumption 
is : 

Aviation Petrol Castor Oil 

Per hour 9 kgs. 8 £00 grs. 

Per horsepower hour 245 grs. 20 grs. 

The engine dimensions are : Length : 690 millimeters. Diameter : 630 milli- 
meters. Engine complete in running order with propeller hub, carburetor 
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and magneto, without silencer weighs 75 kilograms. The AD 9 engine has 
its propeller fitted direct to the crankshaft and revolves in a clockwise direc- 
tion for an observer facing the propeller. A single induction pipe in the 
rear crankcase feeds each cylinder and receives the gases from the car- 
buretor fitted with a corrector. Ignition is by Sahnson magneto GG 9 and 
one sparking plug per cylinder. Lubrication is insured by pump with re- 
turn to oil tank of oil recovered from crankcase. 



Fig. 495C. — Rear View of Salmson Five-Cylinder, 65 Horsepower Airplane Engine. 

The AC 5 engine of 65 horsepower, shown at Tig. 495 C, is of the sta- 
tionary radial, air-cooled, four-stroke t> pe having five cylinders. Bore: 
100 millimeters. Stroke: 130 millimeters. The cubic capacity : 5,105 cubic 
centimeters. Compression ratio: 5 to 5.4 to 1. The engine is suspended by 
rear crankcase. Nominal power at 1,800 r.p.m. : 65 horsepower cylinder 
m the wind. 

At 1,800 r.p.m. developing 65 horsepower, the fuel and oil consump- 
tion is : 

Aviation Petrol Castor Oil 

Per hour 15 kgs. 925 1 kg. 300 

Per horsepower hours . : 245 grs. 20grs. 
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The engine length : 820 millimeters. Diameter: 940 millimeters. 

The engine weighs complete in running order with magnetos, carbu- 
retor, propeller hub: 110 kilograms or 242 pounds. 

The AC 5 engine is adapted for use as a tractor or pusher, the propeller 
being mounted direct on the crankshaft which is fitted with double thrust 
bearings for this purpose. The engine revolves in a clockwise direction 
for an observer facing the propeller. Although easily started with the 
propeller by means of a starter magneto, the engine is provided with a 
distributor fitted at the rear allowing the engine to be started under com- 
pression. The five steel cylinders fitted with aluminum-finned jackets arc 
fixed singly to the crankcase by studs, and therefore can be removed inde- 
pendently of each other. The master connecting rod, which is balanced and 
made of special steel, revohes on a white metal lined central bearing of 
large dimension. The crankshaft of nickel-chrome steel carries counter 
weights so arranged as to balance the whole group of connecting rods in all 
their positions and at all speeds. 



Fig. 495D. — The Cameron Four-In-Line Air-Cooled 60 Hp. Engine. 

The distribution or Aalxe action operated by a circular cam acts on the 
\al\es through roller tappets, rockers and adjustable rods. A single inlet 
pipe located in rear crankcase feeds each cylinder and receives the gasses 
from a muffler coupled to the carburetor which is fitted with an automatic 
altimetric corrector. Ignition is by two Salmson magnetos II 5-20 and 
two sparking plugs of eighteen millimeters, 1.5 pitch, per cylinder. Oiling 
is insured by pump with return to oil tank of oil recovered from crankcase. 
A circular manifold forming a silencer and provided with clearing pipes is 
fitted on request. Besides the starting distributor the engine carries at its 
rear standarized fittings for a revolution counter and two petrol pumps. 
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Cameron 60 Hp. Four-in-Line Engine. — The illustration at Fig. 495 D 
shows a Cameron four-cylinder vertical motor intended for light one- and two- 
place airplanes. It is claimed that this type of construction is well adapted for a 
good streamline installation. This motor uses the same system of cylinder 
construction and valve actuation that is found in the regular seven-cylinder 
radial engine. There are four valves per cylinder, opposite each other in the 
head so that the cool incoming charge from the inlet valves sweeps directly past 
the points of the sparkplugs, cooling them and also cools the exhaust valve 
heads. It is also claimed that this system of valve location prevents pre-igni- 
tion and detonation at high compression. It also makes the use of exceptionally 
large valves possible. The valve springs are horizontal and project into the 
air stream so that proper cooling is assured at all times. The indirect actuation 
of the valves by the use of intermediate sliding members from vertical rocker 
shafts give a direct horizontal thrust which eliminates any possibility of ab- 
normal wear on the valve stem guides because of angular pressure of the valve 
stems. The connecting-rods are of dural alloy, the pistons and crankcase are 
of aluminum; the cylinders with their integral heads are of nickel-iron and all 
steel parts are of high strength, heat-treated steels especially developed for the 
purpose. 


SPF(TFIC\T10\-S 

Type l r nur-in-Lino Air Cooled 

Number of Cylinders . Four 

Hore 4.125 inches 

Stroke 4.75 inches 

displacement 254 cubic inches 

Compression Ratio 

For Standard Cas 5:2:1 

For Aviation Cas (> 0 1 

Hp. at Sea -level with standard gas 0() Hp. at 1 8(H) R P.M. 

Dry weight 180 pounds 

Height . . 27.75 inches 

Width 14 inches 

Tength over all 30.125 inches 

Rover Air-Cooled Engine. — The Rover is a four-cvlinder-in-line, inverted, 
air-cooled engine of the four cycle type, following conventional practices and of 
simple and rugged construction. A hore of 3 As inches and a stroke of live inches 
give a piston displacement of 236 cubic inches, the normal b.hp. being 55-60 at 
1,800 j’.p .m. The compression ratio is five to one. The weight of the engine 
complete less starter is 210 pounds. It is made by the Michigan Screw Com- 
pany, Lansing, Mich. 

The crankcase is a deep, well ribbed aluminum casting with webs providing 
supixjrt between each cylinder for both crankshaft and camshaft bearings. In- 
tegral passages are formed within the casting for the full pressure oiling system 
to all bearings. Four pads are provided on the sides of the casting for mount- 
mg. The crankcase is covered by a light, easily removable cover, which carries 
the breather on top at the rear as shown at Fig. 405 E. All accessories are 
mounted on the timing gear cover at the rear and may he removed as a unit as 
hown at Fig. 495 F. 
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A single camshaft with integral cams, is supported in the crankcase and 
is driven by simple spur gearing from the rear end of which the tachometer 
drive is directly connected. Conventional push rod and rocker arm valve action 
is employed with two springs for each valve. 

The five bearing crankshaft, which is of ample proportions and carefully 
balanced, is mounted in steel backed babbitted bearings. Crankpins and jour- 
nals are bored out for lightness and oil is led to the crankpins through small 



Fig. 495E. — Rear Quarter View of the Rover Four-In-Line Inverted Engine. 

steel tubes expanded into position. Profiler end thrust is taken by a deep 
grooved ball bearing. Connecting rods are duralumin forgings of H section with 
bronze bushed piston pin ends and babbitted big end bearings. 

The cylinders are integral chrome-nickel iron castings, having a. spherical 
form of combustion chamber with valves inclined at an angle of 25 degrees. The 
skirts of the cylinders extend well into the crankcase, preventing oil from en- 
tering their open ends due to inverted running. The design has been arranged 
so that any one cylinder may be removed without disturbing any of the re- 
maining ones. 

The die-cast aluminum pistons have three rings at the top and one scraper 
ring at the bottom, also, a full floating piston pin using bronze end plugs. 

Outside Tank Oil. — All oil is carried in an outside tank and a conven- 
tional two gear pressure pump delivers oil to all bearings under a pressure of 
35-40 pounds, means being provided for pressure regulation. A three gear scav- 
enger pump drains each end of the crankcase indej>endently and returns the 
oil to the tank. A large oil filtering screen is arranged at the side of the en- 
gine where it may be easily removed for cleaning. 

Dual ignition is provided, using two flange mounted Scintilla Magnetos, 
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Fig. 49SF. Rear View of Rover Engine Showing Installation of Accessories. 

the cnK"nV!oTnsui.T ith "! a “ t ° lmtic 1 im l mlse coupling which is inclosed within 
iie engine to insuic easy starting under all conditions. 

ine d ' t tr0n ” Cr Ni J-R3 car'wrtor. fitted with altitude adjustment and prim- 

Jflth to S * 7 - Jrra ' ,fi ' t ‘ ( at . thc rcar " ith manifolding along the side keeping the 
width to a minimum to simplify the cowling of the engine in the nlane Pro 
vision « made for a standard hand or electric starter P ^ 


QUESTIONS FOR REVIEW 

2 Omhn^ e rvr m a COnStrUCt,0n and Cam specd fnr various tvpes of LeBlond engines 
f wi, " C .T '"c er ConMruc "°" of Warner “Scarab" engine. K 

• VVhat is the Super-Rhone engine? 

5 I)e^rL Wa r'V he .construction of the ASSO SOT engine unusual’ 

fi m . b C / 1,nder construction of An/ani engines. unusual. 

7 What o co " necti , nK rod arrangement on Anrani engines? 

R \\ 7 u l ? * h . e Anzani en ff ,ne valve clearances? 

n n hat *. IB an important feature of Salmson engines? 

10. W^hat'i^thrT- ? PCr i a,,OI J ° f Cameron four-cylinder engine, 
wnat i$ the distinctive feature of the Rover engine? 



CHAPTER XXX 


THE A. D. C. CIRRUS ENGINE 

Features of Cirrus Engine — Specifications — General Description — Valves and Valve 
Gear — Pistons and Connecting Rods — Crankshaft — Crankcase — Camshaft — Induc- 
tion Manifold — Lubrication— Oil Pressure — Ignition — Carburetor— Dismantling 
Engine — Cleaning Parts — Examination and Assembly of Engine — Instructions for 
Valve Timing — To Time Magnetos — Running Instructions — Cirrus Engine 
Troubles — Maintenance — Table of Clearances. 

The Cirrus Mark II engine, manufactured by the A.D.C. Aircraft, Ltd., 
London, England, has in the past several years established an enviable 
record. The engine has been supplied to all of the light airplane clubs sub- 
sidized bv the British Air Ministry, and, in addition, the engines have been 
used on flights from England to India and to South Africa as well as on air 
tours in Europe and Australia. Cirrus engined planes claim the light air- 
plane altitude record, the light plane nonstop record, and the distance 
record for a pilot unaccompanied. The engines have also been in the win- 
ning planes of the King’s Cup Air Races for the past two years; winning 
both first and second place this year. 

Features of Cirrus Engine. — The Cirrus is a four-cylinder in line, direct 
drive, vertical, air-cooled engine. It is very simple in construction with all 
of the accessories on the right side which is shown at Eig. 497. Jn May, 
1925, the Cirrus engine passed its first 100-hour test and has been since 
improved until it is now rated at 78 horsepower at 1,800 r.p.m. It develops 
a maximum of 84 horsepower at 2,000 r.p.m. and weighs 280 pounds. The 
engine has a wet sump and, therefore, when considering the weight per 
horsepower it should be realized that the weight of an oil tank, pipe lines, 
collector ring, etc., is eliminated. The Cirrus engine was designed by Maj. 
Frank B. Halford principally for use in the l)e Uavilland “Moth” low- 
powered two-place biplane. Low cost, ease of maintenance and reliability 
were the main considerations. It has also been used in the Avro Avian 
and other light airplanes. 

The new A.D.C. “Cirrus” (Mark 11) engine has been designed to meet 
the special requirements of light aircraft, and, as a result of experience 
with the earlier “Cirrus” (Mark 11) engine, new features have been incor- 
porated in the design of the Mark 1 1 type which increase the reliability and 
lessen the cost of maintenance. The following description and illustrations 
will give a clear impression of the simplicity and orthodox nature of the 
engine’s design. There arc no complicated fittings or other features requir- 
ing expert attention. Special instructions or experience are not essential, 
and the engine can be readily understood and maintained in perfect run- 
ning order by the average owner-driver or motor mechanic. In this re- 
spect “Cirrus” engines are of great value. As plans are being made for 
the early manufacture of this engine in the United States, it is believed the 
complete instructions for operation and the description furnished by the 

1054 



A.D.C CIRRUS ENGINE 


1055 


makers will be of interest because it will undoubtedly be used in a number 
of airplanes of American construction. The simplicity of construction and 
robustness of design will be apparent from study of the illustrations, Figs. 
4% to 498 inclusive. 



Fig. 496. — A.D.C Cirrus (British) Mark II Aviation Engine, One of the Most Popular 
Engines for Light Airplanes. 


Type (Vertical! .. 

Boro 

Stroke 

Total swept volume 
Normal H.H P. 
Maximum Up. ... 
Normal R PM. ... 
Maximum R.P.M 

Direction 

Cylinder numbers 

Firing order 

Ignition 

Sparking Plugs . . . 

Oil pressure 

Tachometer drive 


SPECIFIC \T10NS 

. . ,4-c\ liuder in line 

..110 in 'm 

... 140 in/'ni. 

4‘DO c c. 

75 

80 

1,800 

2,000 

Right-hand tractor. 

1. 2, 2, 4 trom rear 

1. 3. 4, 2 

Dual. 2 B.T.H. type 

( 1 . A. 4 magnetos 

2 per cylinder. K.L.G., 

F. 15 or Lodge A. 21 

5 to 15 lbs. 

Half engine speed 
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Fuel Consumption 

Oil consumption 

Weight, dry 

Weight of piston 

Weight of connecting rod 

Compression ratio 

Mean effective pressure 

Diameter of inlet value 

Diameter of exhaust valve 

Lift of inlet valve 

Lift of exhaust valve 

Strength of inlet spring, open . . . 
Strength of inlet spring, closed . . 
Strength of exhaust spring, open 
Strength of exhaust spring, closed 

Length overall 

Height overall 

Width overall 

Bearer centers 


.0.6 pts. per hp. hr. 
.0.019 pts. per hp. hr. 
.280 lbs. 

.25.5 ozs. 

.20 ozs. 

.4.9 to 1 

.110 lbs. per sq. inch. 
.45 m/m. 

.40 m/m. 

.9 m/m. 

.9 m/m. 

Inner Outer 
. 9.5 lbs. 23.5 lbs. 
.15.5 lbs. 34.5 lbs. 

. 9.5 lbs. 23.5 lbs. 
.15.5 lbs. 34.5 lbs. 
.1161 5 ni/m. 

.904 m/m. 

.482 m/m. 

.540 m/m. 


General Description. — The A.D.C. “Cirrus’* (Mark 11) engine is of the 
vertical, four-cylinder-in-line, air-cooled stationary type. Bore and stroke 
are respectively 110 millimeters and 130 millimeters. At 1.800 revolutions 
per minute the engine gives an output of 75 brake horsepower, and at 2,000 
revolutions (i.e., the maximum revolutions at which the engine should be 
run), the output is 80 brake horsepower. Cylinders and cylinder heads arc 
separate, the cylinders being of cast iron and the cylinder heads of alumi- 
num alloy, with air-cooling fins cast on each. The cylinders are spigoted 
into the crankcase and into the heads, the joints between the cylinders and 
heads being made by copper and asbestos washers. The complete cylinder 
with head is secured to the crankcase by means of four studs projecting 
from the crankcase and passing through holes in the cylinder head. In the 
cylinder heads special bronze seatings for the exhaust and inlet valves are 
screwed and expanded into position. The valve guides, which are a force 
fit in the heads, arc of phosphor bronze. Provision is also made in each 
cylinder head for fitting two sparking plugs, two gun-metal screwed bushes 
being fitted. 

Valves and Valve Gear. — In the crown of each cylinder-head one inlet 
and one exhaust valve is fitted. Both valves are operated by rocking levers, 
which are in turn operated by means of push rods in conjunction with the 
tappet rods located in the upper part of the crankcase. The tappets are 
actuated directly by the camshaft. 

The rocking levers are carried on a separate steel bracket, which is 
bolted to the platform provided on top of the cylinder heads. The valves 
are of a special nickel steel known as K. E. 965, and the valve springs are 
of the spiral coil type, and are secured by means of split collets and collars. 
The timing of the valves when cold is as follows: — Inlet opens twelve de- 
grees before top dead center. Inlet closes 70 degrees after bottom dead 
center. Exhaust opens 70 degrees before bottom dead center. Exhaust 
closes 28 degrees after top dead center. 
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The valve tappet clearances (cold) are as under: 

Inlet 005-inch 

Exhaust 020-inch 


Pistons and Connecting Rods. — The pistons are aluminum alloy cast- 
ings, the crowns of which are adequately reinforced on the underside by 
cross webs. They are fitted with three piston rings of cast-iron. The low- 
est of these rings also acts as a scraper ring, insomuch as a groove is 
turned in the piston immediately below it, and a number of small holes are 
drilled around this groove through which oil can escape into the inside of 
the piston. This arrangement prevents any excess of oil on the cylinder 



Fig. 497. — Carburetor Side of A.D.C Mark II Cirrus Engine. 


walls from finding its way into tht* combustion-chamber. The hollow wrist- 
pin is of the full floating type, that is to say, it is free to turn both in the 
housings in the piston and also the small end of the connecting rod. End 
play, beyond the maximum tolerance, is prevented by a spring clip or circlip 
at each end, which is inserted into the housing and allowed to expand into 
an annular groove, into which it is only forced more tightly when pressed 
by the end of the wristpin. Holes are drilled in the gudgeon pin housings, 
and also in the small end of connecting rods, through which oil thrown up 
into the cylinder can enter, affording ample lubrication for the working 
surfaces. 

The connecting rods one of which is shown at B, Fig. 500, are made from 
duralumin forgings of "H” section. The cap of the big end is registered to 
the rod by two bolts, and the big ends are fitted with die-cast white metal 
bearings. On the back of the cap-half of bearing a dowel is provided, cast 
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integral with the bearing, which registers into a recess in the cap and pre- 
vents rotation of bearing. As an alternative, phosphor bronze white metal 
lined big end bearings can be supplied. 

Crankshaft. — The four-throw crankshaft is of solid construction, and, 
as can be seen from the illustration. Fig. 500 A, an extension forming the 
propeller shaft is secured to the forward end by means of a keyed cone hub 
and bolts. The complete shaft rotates in five bearings, viz., three die-cast 
white-metal center bearings, and a roller bearing at each end. The caps for 
the roller bearings and center bearings are carried by the upper half crank- 
case, and are secured by studs and nuts. The caps are steel and of robust 
design. In addition to the bearings mentioned above, a radial thrust bear- 
ing is fitted on the extension of propeller shaft. 



Fig. 498. — Propeller End of A.D.C Cirrus Engine Shown at Left and Anti-Propeller 

End Shown at Right. 

Crankcase. — The crankcase is an aluminum alloy casting, divided along 
the center line of the crankshaft. The upper portion is stiffened by three 
transverse webs, which also form the housings for the center bearings. 
Housings are also provided in the upper portion for carrying the camshaft 
bearings and the upper oil pump spindle bearings. Provision is also made 
for securing four bearer or supporting feet. Housings for the ball bear- 
ings carrying the timing gears are provided in the upper half and timing 
gear cover. On the front wall above the nose a small casting is secured, 
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which acts as an oil filler, and to which breather pipes are attached. The 
lower half, beyond forming* in itself a cap for the radial thrust bearing, 
merely acts as an oil sump and a cover for the moving parts. The upper 
and lower portions are bolted together, the joint being effected by means of 
a brown paper washer. 
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Fig. 499.— Power and Consumption Curves of the A.D.C Cirrus Mark II Aviation 

Engine. 
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Camshaft. — All the valves are operated by a single camshaft. It is 
supported in four bearings, the rear being a large ball bearing and the 
remainder phosphor bronze. The shaft is driven off the end of the crank- 
shaft through the medium of steel gears supported, as already mentioned, 
between ball bearings housed in the top portion of crankcase and timing 
gear cover. The camshaft is clearly shown at Fig. 500 C. A spiral gear 
integral with the camshaft and situated centrally drives the oil pump spin- 
dle. Provision is made to couple the tachometer drive to the rear end of 
the camshaft. The timing gear assembly is shown at Fig. 500 D. 

Induction Manifold. — The induction manifold is of steel, with branches 
to each inlet valve port as shown at Fig. 4^7. A heated muff is provided 
in the central section, a pipe being taken from the exhaust manifold so that 
the exhaust gases can circulate therein. The joints between the induction 
manifold, cylinder heads, and carburetor, are made with “Hallite ,, washers. 



Fig. 500. — Typical Parts of the Cirrus Mark II Engine Showing Substantial Construc- 
tion. A — Part of Crankcase with Crankshaft in Place. B — Connecting Rod. C — 
Camshaft and Timing Gears. D — Timing Gear Assembly. 

Lubrication. — The lower half of the crankcase (usually termed the oil 
base) will contain twelve pints of oil, which is sufficient for above five 
hours’ flight. The oil pump is arranged at the lowest part of the base, so 
that it is always flooded or self-primed with oil. The oil pump, which is 
a gear type, forces the oil through a gauze filter, which is arranged hori- 
zontally just above the pump, thence through the main delivery pipe to the 
oil gallery arranged on' the port side of the engine. The oil gallery is 
connected to passages cast in the top half of the crankcase, which run to 
the center and intermediate bearings; the oil is thus forced under pressure 
direct to each bearing. A diagram of the oiling system is given at Fig. 501. 
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The crankpins are lubricated as follows : — An oil thrower or banjo is fas- 
tened to the crankwebs, and the oil overflowing from the adjacent main 
bearing is caught into the interior of this thrower and forced out by centrif- 
ugal action to the crankpin; the excess of oil thrown off the crankpins 
lubricates the other parts of the engine, some portion of it going into the 
cylinders to lubricate the pistons and gudgeon pins. The camshaft, being 
open to the interior of the crankcase, gets sufficient oil thrown on to it to 
lubricate its bearings, and also the valve tappets and guides. Quarter-inch 
pipes are connected to the ends of the oil gallery, the forward pipe carrying 
oil to the propeller shaft radial thrust race, and the rear pipe to the timing 
gears, so that the oil from it lubricates the teeth of the gears. 



Fig. 501. — Oiling System of the A.D.C Mark II Cirrus Engine. 


A few moving parts on the outside of the engine, such as the rocking 
levers, pins and tappet guides, must be oiled or greased daily. A “Tecale- 
mit” grease gun is provided for forcing grease to the rocking levers and 
pins. Valve stems should be kept clean and well lubricated. A gauze 
strainer is fitted in the upper part of the base, as shown at Fig. 501, through 
which all the oil passes after doing its work in the engine; it then drops 
to the bottom of the base and is used again. The oil should be drained out 
of the crankcase after about every nine hours' running, the strainer gauze 
carefully cleaned and fresh oil put in. The pump strainer should be cleaned 
after six hours* running. A level indicator, which is graduated in quarts, 
is placed down the side of the base so that it can easily be withdrawn and 
the level of oil ascertained. 

Oil Pressure. — Provision is made for connecting the oil pressure gauge 
through the three-way piece fitted in the timing gear cover. Pressure 
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should be maintained at about five to fifteen pounds when the engine is 
hot. A relief valve is fitted, but should only come into operation when 
starting up cold, as the oil pressure will then mount up to 25 to 30 pounds, 
due to the oil being very much thicker, and requiring much more effort to 
force it through the various passages. Sufficient time should be allowed 
for the oil to warm up before regarding the pressure on the gauge as the 
normal pressure when flying. As a general rule, when the engine is run- 
ning warm, all the oil being pumped should pass to the bearings, and no 
additional pressure should be recorded on the gauge if the relief valve is 
held in for the purpose of trying this. 

If, however, the engine is using above the average quantity of oil, the 
spring on the relief valve should be adjusted to slightly less pressure, when 
a portion of the oil would be returned to the base instead of all being forced 
to the bearings. The average consumption of oil should be about .0W pints 
per horsepower hour. Efficient lubrication with a good quality oil is a 
most important feature. The following oils are recommended : — Castrol 
“R.” Vacuum “R.R.” Shell “Super Heavy A.” The illustrations of the 
port and starboard sides of the engine show clearly several of the points 
which have been described. 

Ignition. — Two sparking plugs are fitted in each cylinder, and they are 
placed at opposite sides of the combustion head in order to promote the 
maximum rapidity of inflammation of the mixture. They are fired by two 
four-cylinder high-tension magnetos, which are mounted in tandem. The 
magnetos are manufactured by Messrs. 'The British Thomson-1 louston Co. 
The forward magneto is carried on a bracket or platform cast integral with 
the upper half crankcase, while the rear magneto is overhung or spigot 
mounted to the timing gear cover. They are driven by a common shaft, 
running parallel to the camshaft, and this shaft is driven by the camshaft. 
The forward magneto is of the “G A. four platform type,” runs in an anti- 
clockwise direction, and is coupled to the driving shaft by means of a 
flexible coupling provided with a vernier adjustment to facilitate timing. 
The magneto is also fitted with an automatic impulse mechanism which 
operates in such a manner that w'hen the magneto is turning over slowly, 
i.e., when turning the propeller, a spring is put into tension and then sud- 
denly released, causing the magneto to revolve rapidly, thus creating a fat 
spark at the plugs. The rear magneto, known as the “G.A. four spigot- 
mounted type,” runs in a clockwise direction. This is coupled to the driv- 
ing shaft by means of a finely serrated coupling. The normal timing ot 
the magneto is such as to provide a maximum advance of 35 before the top 
dead center. The order of firing is 1, 3, 4, 2, and the cylinders are num- 
bered from the rear end. 

If the engine will not start, and the ignition is suspected to be the cause, 
first see that the magnetos are sparking. To do this, remove a high-tension 
w r ire from the plug terminal, place it close to the cylinder, when on engine 
being turned round by hand, the spark should be visible. Should no spark- 
ing occur, examine the magneto as follows: — Remove distributor and clean 
the inside of it with a cloth soaked in gasoline. The surface of the brush 
holder, particularly between the safety gap electrodes, should be cleaned in 
a similar manner. Remove the dust cover and take out the collector brush 
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holder. The cone of the latter should be wiped free of all dust with a cloth 
soaked in gasoline. Do not remove brush from collector moulding unless 
necessary. The flanges of the slip ring should be cleaned by lightly pressing one 
corner of the cloth between the flanges and slowly turning the engine crank- 
shaft. The contacts should be clean and free from oil. If contacts arc dirty, 
remove the contact breaker bodil}' from the armature spindle, after first 
removing the center fixing screw. Clean the contacts with very fine emery 
cloth or paper, afterwards removing all trace of emery. Re-fit contact 
breaker, taking care to locate the key on the contact breaker base in the 
keyway of the armature spindle. Check gap of the contact breaker with 
the feeler gauge, and adjust with the spanner, if necessary. When the 
heel of the contact lever is on the high part of the cam, the gap should be 
0.012 inch. 

Lubrication of Magneto. — The only part needing lubrication is the dis- 
tributor gear-wheel bearing. Only a few drops of light oil, put in the oil 
well at the distributor end of the magnetos, are required. 'The magneto 
should never be completely dismantled, as all parts that need attention 
are so arranged as to be easily accessible. The dismantling, therefore, will 
not serve any useful purpose, and only those w ho are perfectly familiar with 
such apparatus will succeed in re-assembling it properly. 

Misfiring in one or more cylinders can nearly always be put down to 
faulty plugs; they should be frequently examined, and cleaned with a little 
petrol. The plugs used on this engine are Lodge A 21 or K.L.Ci. F. 15; 
the distance of the gap at the plug points should be .015 inch. If the gap 
is too large, the spark will jump across the safety gap instead of the points 
in the plugs, so that the mixture in the cylinders will not be ignited. A 
plug may fail owing to the insulation ha\ing broken down; if this is found 
to be the case, the plug must be replaced by another. 

Carburetor. — The type of carburetor fitted is the "Claudel Hobson” 
i R. K.tMl.) A cross sectional elevation of this carburetor is illustrated at 
Fig. 502. From this it will be seen that the diffuser consists of three con- 
centric tubes, the one "J” called the depression tube, being screwed into a 
plug "O” and drilled with a number of small holes 4 T.” The plug “O” is 
screwed into the carburetor body and carries at its lower end another plug 
“R” which has a number of holes drilled around it to allow petrol to enter 
the diffuser. Surrounding the tube “J” and soldered to the plug "O” is a 
second or guard tube "II.” The upper end of this tube ‘‘IF’ comes within 
a short distance of the ‘‘emulsion head” "D,” the interior communicating 
with the atmosphere through the medium of the holes "N” at the base of 
fhe outer tube "(i.” A slow running jet. "L,” is screwed into the plug 
"1\” and passes through the depression tube “J.” projecting into the throttle 
barrel “13.” In the latter, a slot “A” is cut, which, when the throttle is 
Uosed, or partially closed, forms a suitable choke around the slow running 
jet. A screw “C” known as the “air screw” projects to a greater or lesser 
•legrec into the slot “A,” for providing a means of adjusting the mixture 
i'>r slow running, or small throttle opening. 

The fuel level is normally adjusted to stand below the top of guard 
tube “H.” As the air velocity through the choke increases, this level tends 
o fall, uncovering some of the holes “1” in the depression tube “J.” Air 
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is then drawn in through the holes M N” entering such holes in the depres- 
sion tube as may be uncovered. Within the depression tube, this air mixes 
intimately with the fuel forming an ‘‘emulsion” which is finally expelled 
through the holes “E” in the emulsion head “D.” Further increase in air 
velocity through the choke lowers the fuel level within the guard tube “H" 
still more, uncovering thereby other holes in the depression tube, and ad- 
mitting more air. By this means the ratio of fuel to air is kept approxi- 
mately constant for varying engine speeds. 



Fig. 502.— Part Sectional View Showing Construction of Claudel-Hobson Carburetor 
Used on Cirrus Mark II Engine. 

When the diffuser is removed for inspection, care must be taken in 
handling the parts, as they are made of very thin material and are easily 
crushed or bruised. When re-assembling, see that the outer tube “G” is 
correctly seated upon the spigots provided before screwing up the depres- 
sion tube “J.” This outer tube must be replaced with the holes at the 
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bottom of the diffu'ser. Reference to the drawing will show that the plug 
“P” screws up against the end of depression tube “J.” In order to ensure 
that the outer tube “G” is held securely in position, the depression tube 
should be screwed up before the plug “P.” When the throttle is in the 
closed position, that is, set against the stop provided, sufficient petrol is 
supplied by the pilot jet “L” to run the engine slowly. Fuel enters this 
jet through holes “Q” at the base, a restriction “K” regulating the amount 
which may pass. Above this, restriction holes “F” are arranged, their 
function being the admission of air to form a finely atomised mixture. The 
duty of the air-screw “C” is to provide a means of adjusting the choke 
area around the pilot jet, that is, the area of the slot “A,” thereby enrich- 
ing or weakening the mixture supplied at closed throttle or small open- 
ings. Jt should be noted, however, that its effect upon the mixture rapidly 
decreases as the throttle is moved from the slow running position, and at 
full or moderate throttle openings ceases altogether. A bypass is provided 
past the throttle, controlled by the screw' “ST This regulates the quantity 
of gas passing to the engine when running slowly, the quality being con- 
trolled by the air screws. 

A means of correcting the mixture is provided on this carburetor by 
means of a variable jet. This is arranged, as shown, in the passage from 
the float chamber, and consists of a needle vahe provided w T ith tapered 
slots or grooves, so disposed that the area of the passage is varied, according 
to the vertical position of the needle. The operating mechanism for this 
needle valve has been so arranged that it is a comparatively simple matter 
to alter the setting of the vahe. The needle valve is shown at “NV,” its 
spindle passing through the plug “XT' which is screwed into the body of 
the carburetor. 'This plug “X” is provided on the outside with a coarse-pitch 
square thread, and on to this thread is screwed a sleeve “V,” to which is 
clipped the control lever “W." A collar “U" screwed on to the needle valve 
abuts against the sleeve “V, M “T“ being merely a lock-nut. On moving the 
lever to rotate the sleeve, it will be observed that the valve is lifted, its 
return motion being controlled by the spring “Z.” 

The best position for the screwed collar “U,” relative to the tapered 
grooves of valve “XV,” is found when the engine is under test, the top of 
the spindle being then filled flush with the lock-nut and carefully marked. 
This setting should on no account be altered and should it have been nec- 
essary to release the lock-nut “T“ for dismantling purposes, care should 
be taken to replace and lock it in position according to the marks referred 
to. Special pro\ ision has been made on this carburetor to neutralize the 
effects of localized pressure variations due to eddy currents. On the drawl- 
ing it will be observed that a passage “M” is provided, connecting the top 
«>f the float chamber with the main air intake. In addition, air supplied to 
the diffuser is taken from the same source, namely, through the holes “N.” 
The result is that the mixture strength is maintained constant despite slight 
variations of pressure due to eddy currents in the vicinity of the inlets. 

Dismantling Engine. — Assuming that the engine is out of the airplane 
and it is necessary to dismantle it, the following procedure should be 
adopted and the parts taken off in the order indicated : — Small parts should 
T placed in boxes, and nuts replaced on their respective l>olts as each is 
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dismantled. Place engine on convenient stand or trestles. See that oil is 
drained out of base. Remove exhaust manifold. Remove plugs. Remove 
push rods. Remove control shaft. Remove inlet manifold and carburetor. 
Remove magnetos. Remove tappets, oil pump drive, oil filter and breather 
pipes. Remove the nuts securing cylinder, and then remove the cylinder 
heads. 

If the head is tight on the cylinder, it is better to remove the whole 
cylinder assembly, afterwards removing the head by a few blows with a 
piece of hard wood inside the cylinder. On no account attempt to pry the 
head off by means of a lever under the fins. The pistons can now be re- 
moved by first extracting the circlips which position the wrislpin laterally. 
Before placing the pistons on the bench, note should be taken of the cylin- 
ders to which they belong, and the wristpins placed in their own pistons. 

Remove the nuts securing timing gear cover, and then ease off the 
cover by gently tapping the lugs provided for this purpose. Remove the 
timing gears, but first see that they are marked as shown on photograph 
of the timing gear with punch marks to show proper points for meshing 
the teeth. Next remove the four screws from the oil retainer and timing 
disc on the front of the engine. l)o not pry it off, it can be removed with 
shaft when sump is off. Idle oil gallery can now be remo\cd. To remove 
camshaft, first remove end plug and dri\e out shaft with a brass drift. The 
engine can now be turned over and the sump removed. 'The crankshaft 
assembly is now exposed as at Eig. 500 A. First remove oil throwers 
from crank webs and then the main bearing caps. The whole crankshaft 
with connecting rods can then be taken out. On no account should the 
propeller shaft be dismantled except when it is necessary to be renewed. 
Dismantle the connecting rods from crankshaft. Remove the oil pump at 
base of sum]). Remove the oil relief valve and oil filter from base of sum]). 

Assuming that the engine has been taken dow n for overhaul, the follow' - 
ing is the procedure of re-examination and re-assembly, first taking care 
that every part has been thoroughly washed in kerosene and left to dry b\ 
draining, not by wiping, as this is liable to leave particles of material which 
will stop uj) oihvays, filters, etc. All oil passages should be powerfully 
syringed through. Examine big ends of connecting rods for slackness and 
soundness of white metal. Do not fit too tightly. The rod should be so 
fitted that it is quite tree without any feeling of rock. Examine gudgeon 
pin for wear and slackness in piston and small end of connecting rod. 

Examine the crankshaft, also the ball and roller bearings for wear and 
the gear for wear and fit. When re-fitting to crankcase, remember that the 
crankshaft is located by the three ball bearings; if when these are clamped 
into position the shaft is more than .OOJ-inch off either the center or inter- 
mediate white-metal bearings, the bearing should be replaced. Do not fit 
the bearing caps so that the shaft is forced to meet the upper halves. When 
fitted, it should be possible to turn the w hole assembly by hand without 
effort. When the crankshaft assembly is in position, the oil throwers or 
banjos should be fitted and carefully locked wdth wire. Examine the cam- 
shaft for condition of cams and gears, also examine the camshaft bearings 
in crankcase for w r ear. 
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The oil pump, bottom filter and oil release valve, after examination, 
should now be fitted to the sump. See also that the large oil strainer gauze 
is cleaned and fitted. The sump can now be fitted to the crankcase. The 
engine can be turned over. The pistons should be cleaned of carbon deposit, 
inside as well as out. Carefully examine rings. If worn or distorted, or 
if there is any sign of “blowing past,” change for new. These should be then 
well lapped into the cylinder. The piston rings being of cast-iron and small 
in section, are very delicate and easily broken. They can best be removed 
from the piston by using three strips of tin or ground down hacksaw blades 
about J4"hich wide, which are placed at equal distances round the piston 
and under the ring to be removed, which can then be slipped off easily. It 
is necessary to thoroughly clean the grooves into which they fit, as, if any 
deposit is left in the grooves it forces the rings out and makes them too 
tight a fit in the cylinders. C heck the ring gaps and also the side clearance 
in the grooves. Check clearances of gudgeon pin and piston. After this 
examination pistons can be fitted, care being taken to ensure that the 
circlips have been fitted to position the gudgeon pin. 

Clean cylinders and heads. Examine valves and valve seats, and check 
valve guide clearances. If found necessary to fit a new valve, this should 
he ground in with grinding paste, or floured emery mixed with oil. A 
\alve should not be ground by continuous rotary motion, but by turning 
ft backwards and forw ards on its seat, two revolutions at a time, and lifting 
it off its seat at each reversal of motion. A bright ring should be obtained 
on the valve and seat. It is essential to see that both are good, as it is 
possible to obtain a bright ring on the valve when it is only resting on three 
points. After this operation, valves and seats should be thoroughly cleaned 
by washing in kerosene oil and left to dram. See that no sharp points are 
left anywhere in the heads, as they may cause preignition ; for example, 
the screwdriver or tool used in valve grinding may have burred up the slot. 
Cylinders and heads should now be fitted. The head should be placed 
evenly on the cylinder, with preferably a new copper and asbestos washer 
between. 

Examination and Assembly of Engine. — The cylinder holding down 
nuts should then be tightened, giving half a turn to each, working from 
opposite corners until the head is held firmly in position, and the joint just 
air-tight. If there is a leakage past the joint when running, the washer 
will soon get burnt away. On the other hand the head must not be screwed 
down too tightly or when expansion takes place it will be liable to crack. 
The faces of the inlet and exhaust ports should lie checked with a straight- 
edge for alignment, otherwise air leaks and/or strained manifolds will re- 
sult. The induction manifold should now be fitted, care being taken to 
ensure that the “llallite” washers are fitted at joints. Tappets, push rods 
and rockers should now be assembled. Now secure the oil retainer and 
timing disc to nose, and the engine is ready for valve timing. 

Instructions for Valve Timing. — All engines are erected with timing 
marks on gears as shown on the illustration of liming gears. To time the 
engine, it is only necessary to engage the idler or intermediate gear so 
that these marks correspond. 

If it should he necessary at any time to replace any part of ihe gearing, 
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thereby having no marking ‘to guide in the erection, proceed as follows: 

Set the tappets of No. 1 cylinder to the correct clearance, then with the 
idler gear out, turn the crankshaft until the pointer on the propeller boss 
shows inlet valve opening, then turn camshaft in a clockwise direction until 
No. 1 inlet valve is just about to open and mesh in idler gear. If the gear 
will not mesh, the camshaft gear must be turned on its hub or boss one 
hole. Again set the camshaft as before mentioned, when the idler will be 
able to be inserted into position. Having set the pointer correctly, the 
gears should now be marked. The valve timing diagram is shown at Fig. 
503. 


DCAO CCHTW C 



Bottom DCaoCi 


Fig. 503. — Cirrus Valve Timing Diagram. 


When the engine has been timed correctly, replace the timing gear 
cover, but make sure that the joint washer is fitted between crankcase and 
cover. Replace magneto drive housings and drive. Time magnetos, and 
adjust all clearances. To time rear magneto: Set No. 1 cylinder so that the 
pointer on the propeller boss indicates magneto advance, i.e., 35 degrees. 
Set magneto so that the points are just breaking, with the rotor at the posi- 
tion of No. 1 on the distributor, making sure that the breaker cover is at the 
full advance position. The serrated coupling can now be placed in mesh; 
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secure magneto to cover and lock the screws with wire. To time front 
magneto : Set rear magneto so that the points are just breaking. Now set 
front magneto likewise and engage the vernier coupling. Care should be 
taken not to engage this coupling too tightly in mesh, otherwise early 
failure of the impulse starter mechanism will occur. 

The oil pump drive can now be replaced. Fit carburetor and support 
bracket. Fit oil gallery pipe. It is advisable to replace old washers with 
new ones, treating these with a little shellac or hermetite. Fit breather 
pipes and oil filler. 

Running Instructions. — See that the ground wire is in position and that 
the switch is off. Turn on gasoline and then give the propeller two or three 
swings to suck a charge in. Now get the propeller in such a position that 
the engine is just on compression, and the impulse starter about to act. 
Then, with switch on and the throttle slightly open, give a sharp pull over, 
when the engine will start up. When the engine has started it should be 
run at a moderate speed, say 5(X) to 600 revolutions, for about five minutes, 
after which the throttle may gradually be opened up to full throttle. On no 
account should the engine be rapidly accelerated from cold, as time must be 
allowed for the oil to get warm and so flow easily through the lubrication 
system, otherwise a sufficient supply may not be fed to the bearings, etc., 
and serious damage ma\ ensue. The oil pressure should be between five 
to fifteen pounds when warmed up. 

Should repeated efforts fail to start the engine, or the running be faulty, 
the following are likely reasons: — 1. The impulse starter may be sticking, 
due to gumming oil or dirt. W ash out with kerosene and lubricate with thin 
oil. 2. Faulty carburetion. See if the fuel is reaching the carburetor pro- 
perly. If it is not. it may be due to any of the following causes: No fuel 
in tank. Fuel not turned on. The air vent in the filler cap of tank or the 
vent pipe may be stopped up. A drop of water may get into the supply 
pipe and cause trouble, or an air-lock may stop the supply. The needle 
valve in the float chamber may stick. The wire gauze of the filter may be 
dirty ; this should be cleaned out at frequent intervals. Some obstruction 
in the piping may require remo\ ing. 

The mixture may be weak, due to choked jet. A weak mixture will 
cause backfiring or popping in the carburetor. It is rarely through any 
defect of the inlet valve that popping occurs, but it is possible for particles 
of grit to get under the seat, and prevent it closing properly, or for a valve 
to stick in its guide. An important point to remember is that when a ma- 
chine ascends, the air becomes rarefied, and an engine which is giving its 
full power on the ground may drop in power considerably when in flight, 
although the propeller speed usually increases. The maximum revolutions 
per minute on the ground are usually about 1,750 to 1,850. This fact, that 
the engine has to run in a different atmosphere when in flight, has to be 
taken into account when testing on the ground and must modify to some 
extent the conclusions that are come to in the latter case. 

The mixture may be too strong, due to flooding. This is caused by the 
needle valve in the carburetor not seating properly, either by some particle 
»f dirt getting under the cone, or the valve may require grinding in. The 
after should be done very carefully, without using emery or grinding paste, 
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as anything gritty will destroy the surface; a little metal polish will prob- 
ably enable the valve to be ground quite tight upon its seating. A punctured 
float will also cause flooding. This can easily be cured by immersing the 
float in hot water, when the fuel in the interior will evaporate and enable 
the leak to be located; the leak can then be soldered up. When engines 
leave the works the variable jets are locked in position after the engine 
has been tuned up on the standard airscrew. 

Missing Fire, May be Due to. — (a) Faulty plug. If possible, discover the 
cylinder at fault and fit new plugs. In case of doubt, change all plugs. (1>) 
Contact breakers on magnetos sticking, (c) Faulty ignition leads, (cl) 
A sticking valve or broken valve spring, (e) Incorrect adjustment of 
tappets. 

Overheating. — The cause may nearly always be put down to a weak 
mixture, due to a choked jet, too small a jet, or air-leaks between the car- 
buretor and inlet valves. In the case of one of the cylinders only giving 
trouble, it will usually be found that the compression is weak, and on 
fitting a new cylinder head joint and induction pipe joints and a new set 
of piston rings, well lapped into the cylinder, the trouble will disappear. 
(It is most important that the compression in all the heads should he con- 
stant.) Overheating may also be caused by preignition due to dirty con- 
dition of combustion heads or faulty plugs. Running the engine with open 
exhaust will soon show up which of the cylinders are running well .and 
which are not. The exhaust should have a blue Bunsen-like flame, and a 
white or yellowish flame indicates a weak mixture, which will eventually 
heat the cylinder and cause trouble, while red flames or black sooty exhaust 
indicate a rich mixture. 

Poor Compression in Cirrus Engines May be Due to. — fa ) Faulty valves 
or valve seats which require regrinding, (b) Incorrect tappet clearance, 
preventing the valves seating properly, (c) Broken \al\e spring, (d) 
Valve not free in guide, (e) Valve rocker binding on pin. (f) Faulty 
sparking plug or adaptor, (g) Broken piston ring. 

Unsuitable Propeller. — Failure to attain the correct rate of revolution 
may be due to an unsuitable propeller and not to any fault of the engine. 
Should the maximum speed of the engine, therefore, be below the normal, 
although none of the foregoing faults are present, another propeller known 
to be correct should be tried. An engine vibrating or knocking excessively 
should be stopped as soon as possible. A regular vibration is probably 
caused by an unbalanced propeller, and another should be tried. Vibrations 
occurring only at certain speeds may be caused by loose holding-down bolts 
or slack fittings on the engine mounting. A propeller loose on its shaft, 
missing fire, preignition, or excessive tappet clearance are all likely to 
cause knocking, as are loose bearings and overheating. 

Maintenance. — After each day’s flying. (1) Clean out fuel filters. (2) 
Inspect carefully all engine controls. (3) Examine fuel and oil pipe line 
joints. (4) Check the tightness of all main nuts and bolts. (5) Inspect 
valve gear and cylinder heads. Check valve clearances. (6) Test propeller 
hub for tightness on crankshaft and propeller for tightness on hub. (7) 
Clean out oil pump strainer. 
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After each ten hours: (1) Charge the rocker fulcrum pins with grease, 
using the Tecalcmit grease guns supplied. (2) Crease push rods and valve 
-terns with graphite grease. (3) Clean sparking plugs and re-set gap. (4) 
Drain and flush out carburetor float chamber. (5) Check tappets. Inlet 
.005-inch, exhaust .020-inch. (6) Change oil, drain while engine is hot. 

After twenty hours, in addition to the points called for after ten hours. 
( 1) Examine contact breaker. ( 2 ) Examine and clean magneto distributor. 

After each 100 hours running. A top overhaul should be given, the 
rylinder heads being lifted and dc-earbonized, and the valves dismantled, 
examined and reground in, if necessary. The cylinders can be lifted during 
I his operation and the condition of the pistons, gudgeon pins, etc., ascer- 
tained. After 300 hours running the engine should be removed from the 
machine, completely stripped, cleaned, inspected and overhauled. 

Table of Clearances. — To facilitate examination for wear the following 
table of clearances allowed on the working parts, when new, is given for 
reference : 

Main bearings, diameter clearance between bearing and shaft: 

Mm. .0015 in. Max. .004 in. 

Side clearance center bearing cat h side: 


Front Mm. .010 in. Max. .015 in. 

Rear Mm .030 in. Max. .040 in. 

Connecting rods, diameter clearance between bearing and shaft: 

Min. ,0015 m. Max .004 m. 

Side clearance Mm. .010 in. Max. .020 in. ( total) 


Gudgeon m piston: 

Mm. 0005 in. 

Push fit Max. .0015 in. 

Piston in cylinder : 

Tor. Bottom. 

Mm. .026 in. Mm. .020 in. 

Max. .035 in. Max ,024 m. 

Rin« pap: 

Min. .020 m. Max. .020 in. 

Clearance in grooves: 

Min. .005 in. Max. .007 in. 

Camshaft bearings: 


End Min. .(XU in. Max .004 in. 

Intermediate Min. .0015 in. Max .(X>5 in. 


Oil Pump drive bush : 

Min. .001 in. Max. .1X135 in. 

Valve guides: 


Exhaust Min. .004 in. Max. .OCX) in. 

Inlet Min. .003 in. Max. .005 in. 
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Valve tappet clearances : 

Inlet 005 in. 

Exhaust 020 in. 


QUESTIONS FOR REVIEW 

1. Outline main features of A.D.C. Cirrus engine. 

2. Describe Cirrus cylinder construction. 

3. What arc valve tappet clearances used with A.D.C. Cirrus engines? 

4. Describe Cirrus engine crankshaft construction. 

5. Outline Cirrus engine lubrication system. 

6. What oil pressure should be used on Cirrus engines? 

7. Describe construction of carburetor used with Cirrus engines. 

8. What precautions are necessary in removing cylinder heads from cylinders? 

9. How is valve timing done on Cirrus engines'' 

10. Outline main running instructions for Cirrus engines. 

11. What is the piston clearance in Cirrus engines? 

12. What is the correct piston ring gap? 

13. What clearance is allowed in valve stem guides? 

14. Do connecting rod big end bearings have running clearance If so, what is it? 

15. What is the side clearance each side of crankshaft center bearing and why is it 
necessary 
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RYAN-SIEMENS ENGINE 

Main Features, Ryan-Siemens Engines — Specifications, Ryan-Siemens Engines — Fit- 
ting Engine in Fuselage — Exhaust Collector and Pre-heating Device — General 
Description — Fuel and Lubrication Systems — Ryan-Siemens Ignition — Starting 
the Engine — Running the Engine— Dismantling the Engine— Assembling the En- 
gine — Special Tools for Ryan-Siemens Engines — Ignition Troubles — Carburetion 
Troubles — Lubrication Troubles — Miscellaneous Troubles — Top Overhaul — The 
Sum Carburetor. 

The Siemens Radial Engines are air-cooled engines with five, seven, or 
nine stationary, nonrotating cylinders arranged radially and in one plane 
on a crankcase split on the center line, which contains the single-throw 
crankshaft with hall hearings. The drop ^Ives are operated by thrust rods 
and roller tappets. The cam drum is driven by a toothed gearing in the 
front crankcase. Four, six. and eight connecting rods are connected in a 
joint to the head of the master rod operating upon the crank over two 
sturdy hall-hearings. The five-cylinder engine is provided with one car- 
buretor, the seven- and nine-cylinder engines with two each. Each engine 
is supplied with two Siemens high-tension magnetos. These engines are 
known as the Siemens-Malske in Germany. 

Main Features, Ryan-Siemens Engines. — On request the engines are 
equipped as follows: (a) Exhaust collector and preheater, (h) Electric 
starting device consisting of Bosch starter (type BGeo b/12) and spur 
wheel rim fixed to the screw boss, (c) A special drive for the connection 
of a flexible shaft for operating a lighting dynamo, etc. Generally, the en- 
gines seen from the front as at Fig. 504. run clockwise; on request, though, 
they can also be supplied to run in the reverse direction. The engines are 
suitable for cither a push- or pull-screw drive. All engines have a bore and 
stroke of 100 by 120 millimeters respectively, and a compression ratio of 
1:5.6. The nominal outputs are 60, 84, and 108 horsepower respectively at 
1.500 r.p.m. The engines reach a maximum output of 70, %, and 125 horse- 
power at 1,750 r.p.m. The fuel consumption during an 80- hour continuous 
run under official supervision proved to be 250 gallons per horsepower-hour 
under full load; it is between 220 and 240 gallons per horsepow er-hour. 
The oil consumption varies between eight and twche gallons per horse- 
power-hour. The engines, with all auxiliary apparatus included, weigh 117, 
148, and 173 kilograms respectively, in accordance with a unit weight of 
1 °67, 1°54, and 1°38 kilograms per horsepower. The weight of the screw 
boss of the five- and seven-cylinder engines is 3°1 kilograms and that of the 
nine-cylinder type 3°5 kilograms. The unit weight of these engines com- 
pared with the water-cooled vertical type is considerably lower. The con- 
struction is substantial and reliable; ball-bearings throughout, and two 
magnetos are employed. The Siemens engines are said to be particularly 
lurable. They are greatly adapted to the high requirements in instruction 
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flights as well as in cross-country flights. The makers have provided amply 
equipped tool boxes containing all special tools required as well as a certain 
number of spare parts. All spare parts should only be obtained from the 
makers or their authorized sales agents. No guarantee can be given for 
spare parts purchased elsewhere. 


SPECIFICATIONS — RYAN-SIEMENS ENGINES 


Number of cylinders 

P° r e Inches 

.Stroke Inches 

Piston displacement C ubic inches 

Compression ratio 

Revolutions per minute 

Guaranteed horsepower at sea level, 

1750 R. P. M Horsepower 

Normal torque Pounds feet 

Weight dry (without propeller huh) .. .Pounds 

Weight of propeller hub complete Pounds 

Lnit weight Pounds per horse- 

power 

Fuel consumption cruising speed Gallons per hour 

Oil consumption cruising speed Gallons per hour 

Fuel consumption cruising speed Pounds per horse- 

power hour 

Oil consumption cruising speed Pounds per horse- 

power hou* 

Maximum diameter Inches 

Maximum length Indies 

Dimensions of shipping crate Im lies 

Approximate shipping weight Pounds 

Average additional weight of electric 

starter, including battery Pounds 

Average additional weight of exhaust 

collector ring with preheater . ... Pounds 
Distance from front end of propeller 

hub to center of gravity .... Inches 

Distance from front end of propeller 

hub to mounting flange Inches 


Model 5 

Model 7 

Model 9 

5 

7 

9 

3.0 37 

3.037 

3.937 

4 724 

4.724 

4.724 

287 40 

402 12 

517.45 

5.6 1 

5 6 1 

56:1 

1500-1750 

1500-1750 

1500-1750 

70 

06 

125 

217 

280 

361 

258 

326 

382 

6.85 

6 85 

7.72 

3 68 

3 40 

3 05 

5-6 

7-8 

8-9 

.14 

.10 

.23 

.40-. 53 

.40-. 53 

.49-.53 

.018- 027 

.01 8-. 027 

.01 8-. 027 

40 5 

40 5 

40.5 

33 8 

32 0 

32.0 

46x46x42 

46x46x42 

46x46x42 

630 

675 

720 

75 

75 

75 

12.5 

15.5 

20.0 

20 0 

19.9 

196 

24.25 

24.25 

24.25 


Fitting Engine in Fuselage. — The chief point to be borne in mind when 
fitting the engine is the easy accessibility of the engine and all auxiliary 
apparatus and cables. It should always be easy to dismantle the magnetos 
as well as the oil- and air-pump (free space of about 30 centimeters at the 
back). The arrangement should be such as to permit of swinging out the 
engine with its framework from the plane (see Fig. 506). Hand oil- and 
air-pumps should be fitted so as to be easily accessible from the pilot’s seat. 
The revolution meter should always be visible. In order to prevent fire, 
a fire-proof exhaust pipe should be used (Siemens exhaust collector) and 
provision be made for an outlet and sufficient ventilation for all chambers 
in which fuel is apt to gather in the case of leaks. In any case a fire bulk- 
head must be provided between the engine and the pilot’s seat. The best 
position for the air supply tubes to the carburetors is outside the plane body 
well away from the exhaust tubes. If possible, the wind pressure should 
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be utilized, safely avoiding* all such parts at which depression or partial 
vacuum may occur in flight. The installation drawing at Fig. 505 gives all 
important dimensions and an outline of the engine. The dotted lines at the 
base of the engine show the position of the starter and gear. 



Fig. 504. — Siemens-Halske Radial Air-Cooled Engine Type Sh. XII, with Exhaust 
Collector, Air Preheater and Starter Base. 


It is always desirable for aerodynamic reasons to partly encase the 
engine with suitable cowling thus reducing the air-resistance. The advan- 
tage afforded by such a casing is that the engine, for the greater part, is 
I protected against the head wind and that, accordingly, the thermal condi- 
tions of the engine do not vary nearly so much in summer and winter on 
die test bench and in actual flight, which renders the working conditions 
‘dmost equal for all cases. A special form of cowling should be used, only 
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leaving the aluminum alloy cylinder heads uncovered. The makers and 
their sales agents are at all times prepared to give constructive advice upon 
installation and, therefore, invite enquiries upon all questions pertaining to 
engine fitting. 

Exhaust Collector and Preheating Device. — On special request, Ryan- 
Siemcns Radial engines are supplied with an exhaust pipe, shown at Fig. 
504, simultaneously serving to preheat the air drawn in as well as to collect 
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and discharge the exhaust gases. The exhaust collector affords the follow- 
ing advantages: 

(a) The exhaust noise, the sharp report of which may inconvenience 
the pilot as well as the passengers, is considerably lessened. 

(b) The whole airplane is more protected since a soiling of fuselage 
and planes by oil and soot is rendered impossible or greatly reduced. 





Fig. 506. — Method of Installing Siemens Radial Air-Cooled Engine in the Helnkel 
Airplane. Note the Swinging Motor Mounting which Makes the Engine Accessible 
from All Sides. The Front End of the Fuselage Should be a Fire-Proof Bulk Head. 


(c) The exhaust gases are conducted off outside the fuselage, the com- 
bustion gases no longer bothering the passengers. 

(d) The air taken in by the carburetor heats up, the result being a better 
operation of the engine in the slow-running position, particularly 
winter. 
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(e) The primary air drawn in being well heated ensures a better dis- 
tribution of gas to the various cylinders since precipitation of fuel 
within the distribution piping is avoided. This produces a steady 
running of the engine even at very low temperatures and is impor- 
tant for flying at great altitudes. 

(f) A better mixture causes better combustion within the cylinders and 
thus prevents the sooting of the plugs, particularly when the engine 
is running without load and with the throttle only balf open. 

(g) No freezing of carburetor even at temperatures nluch below zero. 


Spark Plug 
Valve Push Pod \ 

Plug W/te 


Volute Valve Spring 

Aluminum Alloy Head 
Priming Cock 

P/s ton 

Steel Cylinder 
Master 

Connecting Pod 
Induction Pipe 
Crankshaft 

Magneto 



Air Pump 


Cam Ring 
Intermediate Gearing 

Counterweights 


Filter Screen ' 

Dram Cock dp 3 


Carburetor 


Fig. 507. — Sectional View of the Siemens-Halske Airplane Engine Showing Liberal 
Use of Ball Bearings Throughout. 


General Description of Ryan-Siemens Engines. — The crankcase consists 
of two parts made of light metal casting. Front and rear ends are closed 
by a cover. The two halves which are provided with a centering flange meet at 
the center line of the cylinders in a face joint : and are held together by through- 
bolts. The outer rim of the rear cover serves for centering the engine on 
the plane. The ball-bearings of the crankshaft are installed in pressed-in 
and screwed bushings made of bronze. Special openings are provided in 
the front chamber for the guides, which are easily removed. The circular 
suction passage into which the suction pipes of the various cylinders run 
is cast-in in the rear chamber. The two magnetos as well as the oil- and 
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air-pumps are fixed on the rear cover and may be removed with same. The 
longitudinal cross sectional view of the engine shown at Fig. 507 shows the 
internal construction clearly, this showing the seven-cylinder engine which 
has no mixture distributing blower as the nine-cylinder shown at Fig. 508 
has. 


Connecting 
rod 



Carburetor 
connection 
to the circular 
suction 
channel 


Connecting 
rod 


Carburetor 


Driving gear to 
oil pump 


Bore holes for ( Ik 
lubrication oil m\* * 


Driving 

gear 

for 

magnetos 


Rear crankshaft 


Fig. 508. — Rear View of the Nine-Cylinder Siemens-Halske Radial Engine Partially 

Dismantled. 

The crankshaft is made from a high-class chrome-nickel steel forging. 
It consists of two parts and is hollow-drilled right through. The carefully 
balanced counter- weights provided on the crank-cheeks are held by means 
'f cross bolts and centring. The rear end of the crankshaft having to trans- 
put comparatively small power for driving the auxiliary apparatus is of 
correspondingly lighter construction. The two halves of the crankshaft 
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are connected by a slender cone with nut and dowel pin. The crankshaft 
consists of two parts for the purpose of fitting on the ball-bearings by way 
of which the master rod works on the crank. (See Fig. 509.) The design 
of the ball-bearings on the crankshaft is based on the result of extensive 
experimenting and the experience of many years and the usual method of 
mounting is clearly shown at Fig. 507 in sectional view. The shaft runs on 
ball-bearings on both sides of the crank-cheeks. A third ball-bearing 
(special type “Radiax") which also resists the screw thrust is provided in 
the front end-cover, the engine thus being suitable for pull- or push-screw 
arrangement. (See sectional drawing at Fig. 507.) 



Fig. 509. — Crankshaft and Connecting Rod Assembly and Mixture Distributor of the 
Nine-Cylinder Siemens-Halske Radial Engine. 

The tube-section connecting rods arc made of high-grade alloy steel; 
they are very sturdy and exceedingly light. The connecting rod assembly 
consists of the master rod which is supported by the ball-bearings fitted to 
the crankpin and four, six, or eight link connecting rods respectively. 
These rods oscillate to and fro on wristpins in the bottom pari of the master 
rod. Pressed-in bronze bushes secure a perfect running of the rod heads 
at the lower wrist and piston pins. All connecting rods are subjected to a 
very careful test with regard to equal weight and equal position of equilib- 
rium. 

The pistons are of aluminum alloy having bronze bushes for piston pins. 
These pistons are based upon extensive experience. Two packing rings and 
two oil scraper rings serve to prevent any considerable loss of pressure 
and warrant perfect lubrication. Each piston ring is tested as to its tensile 
strength. The piston pin is movable and suitably secured against lateral 
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dislocation by means of spring rings. The pistons are also tested as to 
equal weight, this resulting in a practically perfect balance of masses and 
^steady running of the engine. 

The cylinders which are shown at Fig. 510 consist of an alloy steel sleeve 
open at the top, with screwed-on aluminum alloy heads secured against 
dislocation by a shrink ring and jam nut. The combustion-chamber is 
hemispherical. The intake and exhaust valves are fitted side by side, in 
a position diagonal to the direction of flight. They are operated by push 
rods and rockers. The latter are run on rollers and carried in a plate bridge 


Sparking 
Olk'g eye*, ' 
v*th nut 

Bore holes 
for securing 
the valve 
gear bridge 



Valve guide 


Counter-nut 


Shrunk ring 


Fig. 510. — View Showing Cylinder Construction of the Types Sh. 10, Sh. 11 and Sh. 12 

Siemens- Halske Engines. 

consisting of welded plate and fixed to the cylinder head by bolts. Bronze 
alloy seatings are inserted from the interior of the cylinders and secured 
by nuts. On account of their peculiar design the volute valve springs will 
stand the maximum strain. The valve stems run in case-hardened steel 
guides shrunk into the head and secured by nuts. The arrangement of the 
\alve rockers is clearly shown at Figs. 507 and 512, the latter view showing 
the top of the cylinder head. 

The crankshaft operates the cam drum by means of intermediate spur 
gears shown at Fig. 515 and in sectional view at Fig. 507. The roller tap- 
pets are carried in bronze bushes inserted in tappet guides of aluminum 
alloy. The hollow drilled interior contains a long spring preventing the 
thrust rods from falling out should a valve have gummed up and stuck open. 
The tappet guide construction is clearly shown at big. 511 

The intake valve opens in accordance with timing diagram shown at 
big. 513, six degrees before top dead center and is closed 48 degrees after 
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bottom dead center. The exhaust valve opens 48 degrees before bottom 
dead center and is closed six degrees after the top dead center. Thus the 
timing is symmetrical to the dead centers of the piston. The ignition ad- 
vance is 34 degrees. With a cold engine, the timing marks provided on the 
casing are available only with a valve stem clearance of .8 millimeters. 

The auxiliary apparatus and the air exhaust system are installed on the 
rear cover. The exhaust system is provided with a pipe screw plug, whence 
a pipe is conducted outside the engine casting for the purpose of carrying 
off the oil vapors. Sturdy double-wall sockets are provided for both Sie- 
mens magnetos, in addition to one flange and four stud bolts which arc 



Fig. 511. — Views Showing Tappet Guide Made of Aluminum Alloy. 

supplied for fixing the oil pump. The dm ing shaft of the magnetos is pro- 
vided with the driving gear. A flange carries the accessory ball-bearing and 
is fixed together with the magneto. The crankshaft runs in a tube-shaped 
cap, both air pump and resolution meter drive being installed at its rear 
end. The cover may he mounted as a complete unit, together with all 
auxiliary apparatus as shown in the \ie\vs at Fig. 514, the view at the left 
showing the rear end cover outside, that at the right illustrating the inside 
of the plate or cover. 

Although the engine is easily started by hand it may be desirable to 
start it from the pilot’s seat without the assistance of a mechanic, for which 
purpose the Siemens Radial engines are fitted, on special request with an 
electric starting device, the gear of w hich is brought into mesh with a large 
diameter spur gear to he mounted on the propeller hub. In this case the 
engine is set running just like that of a car by means of a push-button. 

Fuel and Lubrication Systems. — The fuel should he supplied to the car- 
buretor through a feed and filter by way of an eight by ten millimeter sup- 
ply pipe of copper at a minimum head of twenty centimeters. If the flow 
is insufficient the gasoline tank will have to be put under pressure by the 
hand and engine air-pumps. The fuel recommended by the makers for 
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these engines is pure gasoline of a specific gravity of .7 to .7255 or pure 
benzol of a specific gravity of .865 to .870 or both in various proportions 
as mentioned in the chapter on fuels. Of course, aviation gas suited for 
other engines will be suitable for this one. Only use clean approved fuel 
and avoid using unapproved mixtures. 



Fig. 512. — Cylinder Head of Siemens-Halske Engine Showing Valve Gear. 

The oil circulation is automatically effected by a gear pump, the case 
of which is made of aluminum alloy and attached to the rear end cover. 
The pumping gears are driven from the crankshaft by way of the driving 
pinion of the oil pump itself and a worm gear inside the pump case which 
latter reduces the number of revolutions to 1/11. A pump is provided on 
each side of the worm gear, consisting of a driving gear and a driven gear. 
The scavenger pump capacity is twice as high as that of the fresh oil pump, 
die performance of the former amounting to twice the quantity delivered 
by the fresh oil pump, which guarantees the crankcase to be always free 
bom oil. At the rear end of the pump case a pipe connection is provided 
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to which the hand pump is connected over a retaining valve. Previously 
the hand oil pump was supplied according to arrangement a (see Fig. S16) 
where it had to be refilled with the oil can, but now arrangement b is pre- 
ferred. This pump taps the main pipe behind the large oil filter, the oil 
being drawn in automatically by the pump piston. The hand oil pumps 
serve to fill the pipes if it is desired to increase the supply of lubrication oil 
occasionally, or after a long period of inactivity. 



Fig. 513. — Timing Diagram of Siemens-Halske Engine. 


The hand pump connection on the casing of the oil pump is conducted 
into the interior of the pump case, the latter being connected with the pres- 
sure side of the fresh oil pump. This connecting bore-hole effects 

1. a constant supply of fresh oil to the pump case with the cross drive 
and furnishes, 

2. the possibility of supplying oil into the fresh oil delivery piping by 
means of the hand lubricator. 

The feed and scavenger pumps are readily accessible and can easily be 
cleaned on taking off the respective covers. Each cover is provided with 
a hole for a dowel pin in order to avoid confusion when replacing it, and 
in addition both covers are lettered and marked with arrows to indicate 
the direction of supply and function of each pump, “F” signifying fresh 
oil pump, “R” scavenger pump. 

To ensure efficient suction every care must be taken that the pressure 
pipe mouth of the scavenger pump in the oil tank is kept well below the 
oil level. For this reason it is essential to conduct, above the oil level, a 
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^tand pipe of eight to ten millimeters interior diameter with a three milli- 
meter lateral bore-hole slightly above the oil tank bottom, in which case the 
,il is fed through the side hole up to the double-tube cock, while the ascend- 
ing pipe ensures a thorough mixture of both oils (see diagram Fig. 516, 
bottom right-hand corner). The double pipe cock simultaneously frees the 
oil piping from tank to engine as well as the piping from oil sump to tank, 
whereby oil is fed to the pump gears and suction secured. 



Gear for magneto 



khr G<*a' fat available drive 
ring oil pump 

special request) 


Fig. 514. — A Shows Outside View of Siemens-Halske Rear End Cover with Ignition 
Magnetos in Place. B Shows Inside View of Rear End Cover. 


The pump is fed from an oil tank by way of a double-pipe cock and 
filter. It presses the oil into the engine, draws it from the sump through a 
filter and forces it into the tank. The oil supply may be effected from an 
elevated tank installed so as to give a slight positive head of at least twenty 
centimeters between bottom edge of tank and pump connection. (Copper 
tube of fourteen millimeter interior diameter decreasing to six or eight 
millimeter diameter just before it is introduced into the pump.) If there 
is not sufficient bead the oil tank will have to be put under pressure by con- 
necting it up to the hand air pump as well as to the engine pump. The 
pipes should be run in accordance with the oil diagram. 

In the engine itself the oil flows from the pump into the oil chamber 
or bush which is pushed o\er the rear main crank journal. By wav of the 
holes the pressure oil passes through a filter and the hollow crankshaft on 
to the crankpin where it spurts from small holes on to the wristpins and 
crankpin hearings. The cylinder walls, the pistons, connecting rod ball- 
hearings and crankshaft bearings are adequately lubricated by the circulat- 
ing oil. Part of the oil is supplied to the gear case, where it lubricates the 
pull- and push-bearing, the bearings of the cam drum as well as the tappets. 
\11 the oil draining off is collected in the oil sump (see Fig. 515) where it 
is drawn by the pump through an easily removable oil filter and returned 
to the tank. This filter as well as the screen contained in the rear crankpin 
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should be cleaned at frequent intervals. This also applies to the large oil 
filter to be fixed between oil tank and pump. 

The lubricating oil recommended for this engine should comply with 
the following conditions: It should be pure mineral oil, free from fatty oil, 
tar oil or foreign matter. Specific gravity of .9 to .93 at fifteen degrees 
Centigrade. Flashpoint about 200 degrees Centigrade. Viscosity ten to 
fifteen Engler degrees at 50 degrees Centigrade. Maximum acidity .07 
per cent. Clearly soluble in standard gasoline. Loss not to exceed .4 per 
cent after two hours heating. New formation of asphalt-like substances 
not to exceed one per cent. Maximum percentage of ash .04. Oil recom- 
mended: Gargoyle B and BB, Ossag-Acro-Voltol (German) or Castor Oil. 
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Fig. 515. — Partially Dismantled Engine Showing Valve Drive Gear of Siemens Sh. 12 

Model. 
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\bove specifications only apply to the frostless season. For temperatures 
below zero lioncongealable oil should be used, complying, in general, with 
the conditions specified above, but with a solidifying point of -12 to -25 
degrees Centigrade. Gargoyle Arctic and Ossag-Aero-Voltol have proved 
very good. If the oil congeals the oil tanks and piping have to be cleared 
ifter each run so as to insure a perfect lubrication. In that case, do not for- 
get before starting the engine, to fill the tank with oil suitably heated up 
md refill oil piping with the aid of a hand pump. 



Fig. 516. — Diagram Showing Suggested Fuel and Oil System for Siemens-Halske 

Engines. 

Ryan-Siemens Ignition. — Ignition is effected by the highly approved 
Siemens Sparkplugs, Types C2 or U3 specially designed for air-cooled en- 
gines of a high compression ratio, and by two Sicilians II.T. magnetos 
(types F5, F7, F ( >. or EF5, EG7, EG 1 )) working independently from an 
electrical point of view. In accordance with the number of cylinders the 
figures one to five, one to seven or one to nine are provided beside the cable 
terminal screws. The cable ends show' corresponding figures. With four- 
stroke radial engines the ignition should always ski]) one cylinder. With 
the cylinders numbered in accordance with the rotation of the propeller 
and the top cylinder marked one. the firing order of the three engine types 
is as follows: Five cylinders :1 3 5 2 4, Seven cylinders: 1 3 5 7 2 4 6, Nine 
cylinders : 1 3 5 7 9 2 4 6 8. 

The figures on the cable terminals of the magnetos indicate the ignition 
order of the latter. Thus, the plug connected with terminals 1 fires first 
to he followed by the plug connected with terminals 2, etc. Hence, with the 
terminal 1 connected to the plug of cylinder 1, terminal 2 will have to be 
connected with the plug of cylinder 3, and terminal 3 with cylinder 5, etc. 
The cable connections for all three engine types are illustrated in the w iring 
diagrams given at Fig. 517. These diagrams show that all plugs in the 









Fig. 517.— Wiring Diagrams for Ignition of Various Models of Siemens-Halske Engines. A — Five-Cylinder Sh. 10. B — Seven-Cylinder 

Sh. 11. C — Nine -Cylinder Sh. 12. 
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direction of the crankshaft rotation are connected with one magneto and 
those lying in the opposite direction with the other. The cables are corre- 
spondingly arranged in the cable duct supplied with the engine. By using 
two separate ignition systems all possible plug disturbances are easily local- 
ized with the aid of the switch. 

The engine is started either by means of the crank handle starter or by 
an electric starting motor. 



Fig. 518. — Wiring Diagram for Crank Handle Starter is Shown at A. Primary Wiring 
Diagram for Electrical Starter is Shown at B. 

(a) Diagram A, Fig. 518, applies to the crank handle or booster magneto 
starter. The .starting magneto serves for starting the engine from the 
pilot's seat after a combustible mixture has been fed to the cylinders. By 
quickly rotating the crank handle of the booster or starter magneto heavy 
sparks are generated. The cable connecting terminals eleven and fourteen 
conducts the H.T. current o\er the magneto distributor of the plug belong- 
ing to the cylinder who^e piston is performing the working stroke. As soon 
as the engine begins to rim a further rotating of the crank handle is useless 
since ignition is now effected l>\ the regular magnetos. 

After setting the magnetos correctly and coupling them to the engine 
connect as follows: 

1. Terminal 1 on the starting magneto with terminal 1 of the commu- 
tator. 

2. Short-circuit terminal 2 on magneto Ml with the terminal 2 on the 
commutator and the other terminal 2 on the commutator with the 
short circuit terminal 2 of magneto M2. 

3. Distributor terminal 14 of magneto M2 with terminal 11 on starting 
magneto. 

4. Terminal 6 (ground) on the starter with engine body and the latter 
with body terminal of commutator. 

5. The sparkplugs of one cylinder side or group with MI distributor 
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according to the diagrams at Fig. 517 and those of the other cylinder 
side or group with M2. 

Commutator or switch positions are: O- -Working magnetos and start- 
ing magneto switched off, M 1 — Working magneto 1 and starting magneto 
switched on, M L , — Working magneto 2 and starting magneto switched on, 
2 — Working position : working magnetos 1 and 2 and starting magneto 
switched on. 

By setting the commutator handle or switch lever to zero the primary 
circuit of the magnetos is shorted and ignition interrupted. When pointing 
to zero, the commutator handle is easily removed whereby an unauthorized 
starting of the engine is rendered impossible. 

For the electric starter which is only supplied on special order see Avir- 
ing diagram. Fig. 518 A. The electric starting motor enables the pilot to 
start the engine from his scat without the assistance of a mechanic. When 
the push-button is pressed with the engine standing idle, the battery cur- 
rent is conducted through the starter, the pinion of which is automatically 
brought into mesh with the corresponding large diameter spur gear on the 
propeller hub thus setting the engine running. The starter is w ired so as 
to render mechanical disturbances in the gearing impossible. The amplifier 
or induction coil produces heaAy sparks during the slow r rotation due to 
the starting motor. The following battery is recommended for the darter: 
Two accumulators, six \olts each; weight 12.5 kilograms each or 25 kilo- 
grams or 55 pounds Dimensions of each accumulator: height 212 milli- 
meters, length 155 millimeters, width 130 millimeters. 

Connect as follows: 

1. Terminal 31 ( — ') of battery with ground. 

2. Terminal 30 ( + ) of battery with one terminal of the fuse. 

3. The other terminal of the fuse with one terminal of the push-button. 

4. The same terminal of the push-button with starter terminal 30. Use 
only heavy gauge starter cable capable of carrying heavy amperage 
of starting current. 

5. Idle other terminal of the push-button w ith starter terminal 30. 

6. Starter terminal 37 with amplifier terminal 37. 

7. Amplifier terminal 2 with short-circuit terminal of magneto 2. 

8. The same terminal 2 of magneto 2 with commutator terminal 2. 

9. Commutator terminal 2 with short-circuit terminal 2 of magneto 1. 

10. Ground terminal of commutator with the ground. 

The various positions of switch handle are: 0 — Magnetos oil, M 1 --Mag- 
neto 1 and starter on, M.* — Magneto 2 and starter on, 2 — Working position: 
Magnetos 1 and 2 and starter switched on. 

Starting the Engine. — It is absolutely essential to fix a special plate near 
the revolution meter on the instrument board reading as follows: “Use hand 
oil pump before starting engine.” Bear m mind the following when starting 
the engine: Only allow' engine, after a long period of inactivity to reach 
the working conditions slowly. The engine should not be called upon to 
give full power before perfect lubrication is assured and an adequate ther- 
mal condition attained. Hence, after a long stand-by (exceeding three 
hours) the piping should be filled up with a hand oil pump in order to 
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secure immediate automatic lubrication. Let engine run slowly for about 
one minute, gradually advancing to full power in the second minute. In 
doing this moderately assist lubrication with hand pump until engine begins 
to emit smoke. Tf the engine is connected up according to diagram at Fig. 
516 check the following: 1. See that fuel and oil tanks are filled up. 2. Put 
oil and fuel tank under pressure by means of hand air pump. 3. Turn on 
double pipe cock. 4. Shut off gas throttle. 5. Turn on fuel cock. 6. Do not 
forget to feed hand oil into pipes. 7. Set spark lever to retarded position. 
8. Short circuit ignition. (Zero position on switch.) 9. Pull engine over 
sharply several revolutions injecting just a fete drops of fuel (gasoline or 
ether) in top suction pipe. 10. 'Turn off primer. 11. Open throttle but a 
little. For crank handle starter : 12. In reply to order “ready” set commuta- 
tor to position 2 and sharply turn starter until engine begins to run. For 
electric starter: in response to order “ready” push button until engine be- 
gins to run. 13. Spark lever in advanced position. 14. Slowly advance to 
full throttle position. In doing so lubricate sparingly 7eith hand oil pump. 

If the engine fails to function the mixture in the cylinder has probably 
become too rich owing to frequent priming. Should this prove to be the 
case pull over engine several tunes in a counter-clockwise direction, that 
is. in the direction opposite to its normal rotation. Hv doing this air is 
amply supplied to the cylinders by way of the exhaust valves. Now' try 
and start the engine again. 

As soon as the engine begins to work set timing lexer to full advance 
position. Carefully observe tachometer which with a full open throttle 
should indicate 1,5()0 to 1,750 r p.m., according to the type of propeller em- 
ployed. ( heck acceleration bv repeatedly actuating the throttle. To check 
slow running completely close throttle. Under ordinary circumstances the 
engine should work faultlessly at about 500 r.p m and should not stop run- 
ning. Try with the aid of the commutator whether the engine functions 
correctly on either of the two magnetos and check all plugs as to firing. 
Never attempt to take off before the engine proves to be m perfect working 
condition. l)o not run the engine oil ground, without load or with full open 
throttle, longer than absolutely necessary. 

The engine should not exceed its maximum number of revolutions, viz., 
1,750 r.p m., the actual number always to be in accord with the work to be 
performed. It is for the pilot to see to that. Always keep an eye on the 
i evolution counter during the whole flight. In gliding lligdits the throttle 
should also be opened occasional! v so as to keep engine warm and plugs 
dry and free from soot. IN STOPPING THE ENGINE: 1. Close throt- 
tle. 2. Set commutator to zero. 3. Shut off gasoline and oil. 

A key to perfect engine operation combined with flight safety is the 
selection of a suitable type of propeller winch should always be in full ac- 
cord with the normal operating conditions and performances of the machine, 
inquiries should be made with the airplane designers concerned. It is highly 
essential that the propeller is in proper balance. In cases of vibration while 
Ihe engine is running, check the propeller and replace it by another, if 
necessary. Propellers which are not accurately balanced are a constant 
danger to the engine, and it goes without saving, that the engine makers 
cannot be held responsible for faulty engine action in such cases. 
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Dismantling the Engine. — To take down the engine proceed as follows, 
using the special tools provided with the engine. Place engine on mounting 
stand with the propeller huh end down as shown at Fig. 519. Take down 
carburetor and disconnect magneto ends of ignition cables. Remove oil 
pipes from oil sump to oil pump. Unscrew nuts on cover of magnetos as 



Fig. 519. — Siemens-Halske Engine on Stand at the Start of Dismantling Process, 
Showing Suggested Method of Support. 

well as the accessory spring. Open bridge plates. Take out magnetos and 
drive. Remove nuts on rear cover of casing. Take off covers with oil and 
air pumps. Draw cables through case links. Remove suction pipes with 
aluminum flange and rubber ring. Screw olT rear nut of cylinder flange 
(top nut with engine on stand ) using special tool No. 9. The special tool 
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box is shown at Fig. 521 and a plate showing all tools is given at Fig. 522 
to which the reader is referred. Remove sparkplugs with tool 19. Loosen 
valve springs by turning crankshaft with special tool 42 and remove push 
rods while pressing down rocker shaft. Take down front end cover. Re- 
move key from crankshaft and end cover. Take oil cable tube (Fig. 523). 



Fig. 520. — Siemens-Halske Engine with Induction Pipes and Part of Crankcase 

Removed. 


Screw ofT the nuts of the front case cover. Put on lifter 18 for front cover. 
Reinsert crankshaft key. Put spanner 43 on ring nut and holding spanner 
on crankshaft, turn bottom spanner to the left and top one to the right 
vhereby the ring nut is removed from the crankshaft and the front cover 
inuiltaneously lifted off. To remove these parts take out crankshaft key. 
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Remove washer and distance tube. Take off nut in front of intermediate 
gear. 

Pull off large intermediate gear with special tool No. 39, and in doing 
so, hold crankshaft as shown at Fig. 524. Remove ball-bearing cup inter- 
mediate gear with small tumbler gear. Apply lifting or pulling device 31 
in accordance with illustration at Fig. 525 and remove control driving gear 
from crankshaft. Draw out all tappets and remove 1 and 3. Insert lifting 
device 31 under gear wheel rim on cam drum and remove the latter. Lift 
cylinders and, in doing so, turn crankshaft so as to make kevwav on pro- 
peller taper seat of crankshaft point at the cylinder to be withdrawn. Re- 
move retaining rings in piston bosses with the aid of a punch by gripping 
spring ring in back and springing them out of their respective grooves. 



Fig. 521. — Tool Box Containing Special Tools Used in Overhaul of Siemens-Halske 

Engines. 

Take out wristpin and remove piston. See Fig. 52b. Remove screws and 
nuts, holding crankcase halves together with a special spanner 7. Apply 
lifting device 31 (together with 32) with pressure screw to crankshaft end 
and with grips on flange of front case and then separate casing as shown 
at Fig. 527. Take out crankshaft with bearings and connecting rods. 

Detach front ball-bearing then take out tachometer drive. Draw out 
oil filter from crankshaft. Remove retaining lock ring of rear ring nut and 
ring nut itself. Take down rear ball-bearing together with gears. Put 
crankshaft in a vise according to illustration at Fig. 528. Remove spring 
securing crankpin ring nut and take off the ring nut with special spanner 
41. Place strut into hollow crankshaft. Screw special removing tool 21 
into thread of front crank cheek and separate crank halves. Withdraw 
master rod leaving one ball-bearing in the rod, the other on the pin. 
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Assembling the Engine.-— Special note: Clean each part thoroughly. 
Examine all securing parts such as nuts and holts, screws’ etc., and see that 
none are missing. Do not assemble moving parts in a dry condition, be 
hure to lubricate liberally with a hand oil can before replacing parts which 
have motion relative to each other. Carefully push master rod on to crank 
pin. Do not break oil retaining rings or press them out of the slots. Force 
master rod on the pin ball-bearing, carefully driving it on with the aid of a 



Fig. 522. — Illustration Showing Special Tools Used in Dismantling and Assembling 

Siemens-Halske Engines. 

'\ooden hammer. Insert second ball-bearing Push the two crankshaft 
halves into each other and pull up tight with ring nut. Secure ring nut. 
Shit rear ball-bearing on shaft and fix spacing ring. Secure rear gear with 
’ ey and ring nut and secure the latter with retaining ring. Rest rear half 
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of the casing 1 on the block with dividing joint uppermost. Insert crankshaft. 
Place connecting* rods in correct position, the master rod always running 
in cylinder 1 (top cylinder). Fix front ball-bearing in front case. Put 
front casing on rear casing without packing. Connect casing halves by 
bolts and nuts. 

Put piston on rod. Replace the various pistons into the right cylinders, 
viz, those in which they have been running previously. Cylinders and pis- 
tons are marked, the former on front edge of flange, the latter on the bot- 
tom above the eye. Do not forget to reinsert retaining rings in piston 
bosses after replacing the piston wristpins. Insert spring ring so that the 
beginning of the ring is kept five millimeters behind the groove in the eye 
of the piston bolt. .See that piston rings are properly installed as shown 
at Fig. 529. Top rings 1 and 2 are straight rings, while 3 and 4 are beveled 
and are installed with the bevel uppermost. 

Do not forget paper packing when replacing the cylinders. Pull cylin- 
der nuts up tight and fix split pins. Push valve tappets out. Do not yet 
secure tappets 1 and 3 in crankcase since otherwise the cam drum is brought 
to bear upon the tappets. Turn crankshaft until the key for the small tooth 
wheel on the crankshaft points exactly to cylinder No. 1. (T.D.C.) See Fig. 
530. Place cam drum on crankshaft with the center between inlet and out- 
let cams (marked M) pointing exactly at the center of cylinder 1 and the 
tooth marked 1 downward (H.D.C.). Fix small intermediate gear with key- 
way pointing upwards so as to bring tooth 1 of the cam drum gear between 
the gear teeth marked 1,1. Put gear on crankshaft with tooth 11 pointing 
downward (B.D.C ). Fix large intermediate gear so as to bring tooth 11 
of the crankshaft into mesh with the teeth 11, 11 of the intermediate gear. 
Slip distance-tube and plate cap on to shaft. Put on front end cover with 
paper packing and pull up tight. Screw' up ring nut in front of thrust bear- 
ing and secure with the aid of retaining ring or jam nut. Fix cable tube 
and insert push rods. The rocker clearances are set in the following man- 
ner: The marks on the casing are only valid for a warm engine. With the 
engine in a working condition, the clearance is .8 millimeter. Hence, with 
the engine cold, adjustment of the gear should also be made with a clear- 
ance of .8 millimeter. The marks are only available for all cylinders if that 
is the case. After adjusting all cylinders with the aid of the marks and 
with a clearance of .8 millimeter, the latter is everyw here reduced to .2 or .3 
millimeter. It should be noted that the working clearance is automatically 
adjusted as soon as the cylinders begin to get warm. 

Replace rear end co\er and pul 1 up tight. Put oil filter into shaft. Screw 
in tachometer drive (left-handed thread). Fix oil and air pumps. To time 
magnetos, both front and rear sides of engine should be readily accessible 
for the following operations. Have engine suspended, if possible, as shown 
at Fig. 531. Secure pointer on propeller cone with key and nut. Turn 
crankshaft to left and complete rotation until index points to VZ. (advanced 
ignition). The marks for the control points are cut into the flange rim of 
the front case. (Sec Fig. 530.) 

Time magnetos so that the red mark on gear points exactly at red mark 
provided on casing. Bring the magneto thus adjusted into mesh with the 
driving gear in the engine. At first the magnetos should he secured on 
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the flange. Push magnetos out before fastening so as to give free play be- 
tween flange and magneto, otherwise the driving gear is brought to bear 
upon the bearing ring. Connect ignition adjustment with plate bridge. 
For ignition and cable connections see diagrams at Figs. 517 and 518. 

Special Tools for Ryan-Siemens Engines. — The special tools shown in 
Fig. 522 are as follows: 

No. 1 — Cylinder nut spanner 

” 2 — Removing tool for magneto and oil pump driving gears 

” 3 — Spanner for propeller remover 

” 4 — Spanner for contact breaker 

” 5— Spanner for grinding in valves 

” 6~-Spanner for magneto flange 

7- -Spanner for connecting crankcase 
” 8— Spanner for rear cover and for securing tappet guide 

” 9 — Spanner for screwing on cylinder nuts 

” 10 — Spanner for carburetor (jets) 

” 11- -Spanner for sparkplug seating 
” 12 — Rod for turning spanners 10, 19, and 29 
13 — Spanner f or securing front end cover 
” Id — Pointer for crankshaft timing 
” 15 — Holts for pushing out connecting-rod pins 
M 10 — Spanner for val\ e-guide nut 
” 17 — Spanner for plug seating nut 
” 18 — Lifter for front cover 
” 19 — -Sparkplug spanner 
” 20— Stone for 21 

21 — Lifter for taking to pieces crankshaft halves 

22 — Spanner for gear bridge bolts 

” 23 — Spanner for securing nuts of gears on rear crankshaft 
24 — Stone for 26 
” 25- Holt for 26 
,f 26 — Lifter for propeller 
27 — Piston ring clamp 
” 28 — Tool for pressing-in gear bridge bolts 

29 — Spanner for magneto gear nut 

30 — Valve lifter (see Fig. 532 A) 

31 — Lifter for cam drum and front case half 
” 32— Holts for 31 and 21 

” 33— Stone for 31 

34 — Short shanks for 31 

35 — Tool for pressing out gear bridge bolts 
” 36 — Tool for removing magneto gears 

” 37 — Tool for ring nut in front cover 
” 38— Washer for 30 

39 — Removing tool for intermediate gear of control 

40 — Mandrel for inserting valve guides 

” 41 — Spanner for the nut holding together the crankshaft halves 

42 — Spanner for crankshaft timing 

43 — Spanner for ring nut on front ball-bearing. 
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Ryan-Siemens Ignition Troubles. — The makers give the following pro- 
cedure for locating engine troubles due to ignition : 1. The engine fires back 
when being started. Set timing lever to retarded position. 2. The engine 
does not run up to full power. See whether timing lever is in advanced 
position. 3. Defective contacts. The short circuit cable or plug leads are 
not properly insulated or may even be loose. Detonations or “back shots’' 



Fig. 523. — Removing Ring Nut from the Cam Drum. 


in the exhaust collector or carburetor are noticed. 4. Wires are not con- 
ducted in accordance with wiring diagram. Magnetos clogged up with oil. 
Back firing in carburetor and ignition trouble will result from the foregoing 
5. Defective plugs: (a) Short-circuit between the electrodes: This is due 
to the collecting of small metal particles between the electrodes, which 
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should be removed, (b) The electrode clearance is too large: The clear- 
ance should be adjusted with the aid of the gauge (.5 millimeter) supplied 
with each engine, (c) The plugs are sooted: The slow-running jet is too 
large (see carburetor). The engine is too cold and more preheating is re- 
quired. The fuel is too heavy. A highly volatile fuel should be taken. 



Fig. 524. — Method of Pulling Intermediate Camgear. 


(d) The plugs are clogged up with oil: The plugs should be dipped into 
fuel and well cleaned which should also be done with sooted plugs. Run 
engine in the slow-running position with lull open throttle for a few 
seconds, (e) The plug packings are leaky: These packings should always 
show an absolutely close fit since otherwise they may easily get red hot 
which is bound to result in self-ignition. 
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6. The platinum screws -of the contact breaker show too small or too 
large a clearance or gap when opening. Most probably the contacts will 
be found gummed up. 7. The contact breaker spring is cither loose or too 
weak which causes a jamming of the contact breaker. If the fiber bush on 
the contact breaker pin proves to have contracted and jams accordingly, 
this may easily be repaired by applying emery cloth of a very fine grain 



Fig. 525. — Use of Special Puller in Removing Crankshaft Main Bearings and Control 

Driving Gear. 

and smoothing down pin a little. 8. The distributing lever or rotor is de- 
fective or clogged up. 9. There is a short-circuit in the magneto. Thi^ 

harchy ever happens, but should it really occur, the magneto should he 
to competent electricians for repair. 
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Carburetion Troubles. — The Ryan-Siemens engine makers suggest the 
following: 1. Although the engine runs with the necessary speed of revolu- 
tion in the slow-running position, yet its full-throttle performance is bad : 

Insufficient supply of fuel to the carburetor. The filter is clogged up or 
foreign bodies are contained in the fuel feed or in the jets. 2. The slow 
running is erratic: Check the packings of the suction pipes as well as the 
rocker clearance. Very likely the slow-running jet is clogged up or too 



Fig. 526. — How to Remove Wristpin Locking Rings from the Piston. 


small. 3. Large consumption of fuel: (Black smoke is emitted by the ex- 
haust pipe.) The main jet is too large or the compensating jet too small. 
Insufficient full-throttle performance: The main jet is too small or the com- 
pensating jet too large. Slow-running regulation: If the slow running is 
erratic or if the engine tends to stop running, this points to a lack of fuel. 
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Should the exhaust emit soot, though, there is too much fuel and the slow- 
running jet is, accordingly, too large. The slow running should be ad- 
justed to 300 to 500 r.p.m. 

4. Detonations or Explosions in the Carburetor. — The jets are clogged 
up thus only permitting small quantities of fuel to pass through. Water 
in the fuel. The engine is too cold. 5. The carburetor runs over: Leaky 
tip seating. Leaky float. The fuel filter is obstructed or blocked up with 



Fig. 527. — Illustrating the Use of Special Puller to Pull Crankcase of Siemens-Halske 

Engine Apart. 


dirt. 6 . Engine gets too warm: Poor mixture due to small jets. The tim- 
ing lever has not been set to the advanced position. 7. Engine emits smoke: 
Black smoke is the result of too much fuel, in which case the slow-running 
jet is obviously too large. If the smoke proves to be of a blue color the 
engine is choked with oil. Run engine with full open throttle at short 
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intervals 8 Exhaust emits flames: Fuel deficiency will result in lone 
[lames of a blue or violet color in the exhaust, whereas excess of fuel w h 
ewe rise to short red or yellow colored flames. (As a matter of course 
these colors can only he distinguished in the dark). ’ 

Lubrication Troubles.— Special attention should be paid to this item 
since a faulty lubrication is hound to do great harm to the engine If any 
thing ,s wrong with the lubrication system the speed of revolution will fall 


■Crankshaft 


Puller screw 



I Connecting 

rod group 


Fig. 528.— Showing Method o £ Dismantling Crankshaft Assembly. 
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off rapidly. Only oil complying with the specifications previously given 
should be used. 1. Insufficient head between bottom edge of oil tank and 
oil pump. Air pressure pipe is leaky or air pump fails to function. 2. The 
main oil cock has not been opened (double pipe cock). 3. Pipes or filters 
blocked up or leaky. 4. Faulty operation of oil pump. Remove pump, 
check it and have it thoroughly cleaned. 5. Engine repeatedly choked with 
oil: The scavenger pump fails to work. Remove cover and see whether the 
oil returns from the tank to the pump when the main oil cock is turned on. 
(See diagram Fig. 516.) 



Fig. 529. — Sectional Drawing of Piston, Showing Proper Arrangement of Piston 
Rings. Note that Rings Nos. 3 and 4 are Bevelled* and are Installed with the Bevel 

Uppermost. 

Miscellaneous Troubles. — 1. Engine fails to start: This may be due to a 
lack of fuel, to clogged-up jets or even to the presence of water in the car- 
buretor (see fuel system diagram). The trouble may also be due to faulty 
ignition. 2. The engine does not run up to full power: See whether all 
cylinders are working. The vahes do not close properly or the valve clear- 
ance is not correct. Jamming of piston rings due to the formation of carbon. 
3. Engine gets too hot: See whether spark lever is in advanced position. 
Retarded ignition causes an excess of heat which latter may also be the 
result of faulty carburction, too much air or fuel. 4. The ignition fails: 
The irrhythmieal sound of the exhaust points to faulty ignition or carbu- 
retor (see above). The \ alves close very slowly or are jammed in the guides. 
Clean valve guides and valve stems with kerosene. If the valve has to be 
exchanged, the valve clearance will have to be adjusted again. Faulty ig- 
nition may also be caused by the presence of water in the fuel. The fuel 
should be filtered through a piece of chamois leather. The filter between 
carburetor and fuel tank is clogged up and permits but a small quantity 
of fuel to pass. 5. The engine fires back: The engine is too warm and pre- 
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mature combustion in the cylinder gives rise to advanced ignition which 
is not desired. The valves do not close properly or one of them is sticking. 
One of the plugs is defective. The magneto leads are not connected in 
accordance with the diagram or are shorted with the ground. Faulty car- 
burction either due to an over-supply of air or an insufficient supply of 
fuel. Carbon may also have formed on the top of the piston or on the cyl- 
inder walls. As the result of an over-rich mixture the charge is still burn- 
ing with the valves reopening. 7. The engine is still rotating although the 


yyt t 



Fig. 530. — Diagram Showing Marks on the Crankcase as an Aid in Valve Timing in 

Siemens-Halske Engines. 

ignition is short-circuited: The short-circuiting cable is out of order, which 
may also be the case with the short-circuit carbon in the magneto. The 
plug washers are leaky or the plugs themselves are overheated. All this is 
hound to give rise to self-ignition. Carbon particles glowing in the com- 
bustion-chamber. 8. One of the cylinders fails to work: Something is 
wrong with the plugs. The packing of the induction pipe leading to it 
proves leakv and permits the access of air whereby the mixture is weak- 
ened. One defective packing may already be sufficient to impair the entire 
carburetion and thus affect the operation of the whole engine. 
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Top Overhauls. — According to the general properties of the fuel em- 
ployed as well as to the resulting condition of the engine, the cylinders 
should be lifted after an operation period of from 80 to 120 hours and the 
valves rcground in, the piston tops as well as the interior of the cylinder 
head decarbonized and freed from a possible incrustation of soot and the 
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Fig. 531. — Showing Use of Valve Timing Index in Timing Siemens-Halske Motor’ 

Valves. 

piston rings loosened in the grooves. The illustration at Fig. 532 A shows 
how to remove the retainer on the top seat of the valve spring. Fig. 532 B 
shows the way of grinding in the valves with the special tool. The seats 

hardly ever require remilling and, therefore, it should be avoided. Only 
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nave them reground. The plug seatings as well as the bottom end of the 
aluminum alloy head may show signs of oil leakage. The illustration at 
Kig. 533 A demonstrates the way of tightening the plug seatings and the 
special tool needed. The illustration at Fig. 533 B shows how to secure 
the counter-rib at the top end of the aluminum alloy head by means of the 
corresponding special tools. Fig. 529, which has been previously described, 
shows the correct manner of installing the piston rings, and all pistons 
should be checked over when the cylinders are removed. 



Fig. 532. — A Shows Method of Removing Valve Spring Retainer. B — Special Tool 

for Use in Valve Grinding. 


The Carburetor. — The Sum Carburetor as used by Ryan-Siemans is 
tuned by choosing the correct jet sizes. The following nozzle jets are inter- 
changeable: 1. The Sum nozzle stem (a) is an auxiliary carburetor in form 
of a multiple jet nozzle. This nozzle stem is provided with four fuel pas- 
sages (jf a different size on the bottom conical side, which are marked at 
the head of the stem bv figures corresponding with their respective sizes. 
These figures indicate in hundredths of millimeters the diameters of the jet 
apertures situated below, e.g., 165 means 165/100 millimeters diameter. 
'This nozzle stem serves to measure the fuel supply required by the engine. 
In each case the figure facing the engine shows which jet is in operation. 
See arrow on nozzle stem cover. 2. An auxiliary air jet (compensating 
jet) is housed in the top part of the nozzle stem. The head of the compen- 
sating jet is provided with a mark showing the actual size. The figure 
provided slightly above the top air passage of the nozzle stem indicates 
the right way of adjusting the compensating jet. Compensating jets and 
nozzle stems may be replaced by others of a smaller fuel- or air-passage 
respectively. In order to fix both jets they are covered by a U-shaped 
spring cap. The latter presses both nozzle stems together on to the conical 
^eating in the carburetor body. It is marked with an arrow indicating the 



1108 


MODERN AVIATION ENGINES 


direction for reading the jet number. 

3. The slow-running jet is housed in a special slow-running device. It 
consists of a four-edge nozzle body pressed into the slow-running device. 
Hence, there is a fuel passage for slow-running and four segmental air pas- 
sages for the slow-running mixture. An immersion tube is screwed into the 
slow-running jet and projects into the spraying tube f. To clean the slow- 
running jet remove immersion tube. The slow-running jet can be ex- 
changed, it is advisable, though, to take out the whole slow-running device. 



Fig. 533. — A Shows Method of Removing Sparkplug Bushings. B — Special Wrench 
for Unscrewing Cylinder Head Locking Ring. 


The slow-running jet is also marked on the top of the slow-running device 
4. Generally the air jet g or atomizer is already correctly inserted on the 
test bench. It may occasionally be necessary to exchange the air- and fuel- 
jets. The latter depends upon the mode of fixing the suction pipe in the 
plane and is largely based upon the brand of fuel employed. Additional 
air jets also require larger fuel jets. Smaller air jets are apt to throttle the 
maximum performance of the engine, on the other hand, though, they en- 
sure an elastic and unsensitive operation of the engine as well as a good 
acceleration from slow running to full-open throttle, particularly during 
the cold season. 

See that the air drawn in the carburetor is well heated at low tempera- 
tures as well as with a slow-running engine. For gasoline and benzol mix- 
ture the temperature of the inspired primary air should amount to about 
25 degrees to 30 degrees Centigrade. A special chamber provided on the 
exhaust collector which is supplied on special order serves for a prelimi- 
nary heating. In general, the maximum power of the engine is considerabl> 
increased when the engine is hot, as soon as cold air is drawn in at full load 
On the other hand, though, especially in the slow-running position, the 
temperature of the air should be as high as possible. For this reason a 
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shutter has been built into the warm air supply piping for the temperature 
ontrol. 

The compensating jet governs the amount of fuel for each fuel jet com- 
bination. The compensating jet should be as large as possible. The most 
favorable compensating jet is easily found '■by testing the maximum per- 
formance of the engine with different sizes of jets. In the first mixing stage, 
the air drawn in atomizes the fuel leaving the fuel jet. Hence, a preliminary 
carburetion of the fuel already takes place in the nozzle stem. 
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Fig. 534. — Sectional Drawing Showing Construction of the SUM Carburetor Used with 
Siemens-Halske Aviation Engines. 

The slow* running jet together with the ascension tube may be consid- 
ered a small carburetor serving the purpose of starting the engine and at- 
taining a low speed of revolution. To start the engine the throttle valve 
should be set to slow-running (nearly closed entirely). The .slow-running 
jet must be large enough to enable an easy starting ot the engine in a warm 
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condition and to avoid its stopping. Fix speed of 300 to 500 r.p.m. at the 
throttle valve with the aid of the stop screw. Do not interfere with the 
jets supplied and to not try to widen the apertures. To decrease the fuel 
supply of the fuel jet during operation a pipe with cock may be connected 
to the jet channel (Sum Quality Governor). This arrangement enables a 
further access of any quantity of air into the jet passage beside the fixed 
quantity of compensating air and thus saves fuel. The quality governor 
should be closed for obtaining the maximum power of the engine. These 
governors arc only supplied on special order and they are only of special 
value for altitude flights and consumption competitions. 

QUESTIONS FOR REVIEW 

1. What are the main features of the Sicmeus-Halskc air-cooled engines’-' 

2. What are the main points to have in mind when fitting the engine in the fusel- 
age r 

3. Describe advantages of exhaust collector and preheating device. 

4. Why is a two piece crankshaft used in Sienicns-IIakske engines? 

5. What type of bearings is used and why? 

6. Describe Siemcns-Halske cylinder construction. 

7. How are Siemens-Halskc engines lubricated? 

8. Outline steps in starting Siemens-Halskc engines. 

9. Name important steps in dismantling Siemens engines. 

10. How are crankshaft main hearings removed'' 

11. Describe steps in dismantling crank case. 

12. What precautions are necessary in reassembling the engines’ 

13. How are magnetos timed? 

14. Outline principal Siemens-IIalskc ignition troubles anil remedies. 

15. What arc the principal carburetion troubles? 
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THE FAIRCHILD-CAMINEZ ENGINE 

Main Features — Main Shaft Distinctive — General Description “Cam” Engine — How 
Low Propeller Speeds are Obtained — Drive and Valve Cams — “Cam” Engine 
Has Good Performance — Fairchild- Caminez Lubricating System — Oil Recom- 
mendations — Lubricating the Engine — Oil Pressure — Adjustment of Oil Pressure 
— Preparatory to Starting — Starting the Engine — Flight Operation — Periodic In- 
spection — Top Overhaul — Inspection of Piston Rings — Inspection of Valve Gear 
Assembly — Assembly after Top Overhaul — Complete Overhaul of the Engine — 
Inspection and Repair — Cam Rollers — Pin and Link Holder Assembly — Valve 
Cam and Drive Cam — Assembly after Complete Overhaul — Assembling Pistons 
and Rollers — Assembling Pistons and Links — Assembling Magneto Bracket — 
Timing the Engine — Oil Pump— Intake Manifold — Carburetor Specifications — 
Service Operation — Carburetor Settings. 

Main Features. — The Model 447R engine is a four-cylinder radial engine 
of the reciprocating piston type operating on the four-stroke cycle. The 
engine employs the Fairchild-Caminez drive cam mechanism in which re- 
ciprocating motion of the pistons is coinerted into rotary motion of the 
propeller shaft by means.of rollers in the piston operating on a double lobed 
cam. The mechanism is such that each piston completes four strokes per 
revolution of the propeller shaft. With the four stroke cycle that is used, 
each piston, therefore, completes a power stroke every revolution of the 
shaft. It is due to this that a high power output is obtained per cubic inch 
of piston displacement at a low propeller speed, the shaft speed in this 
engine being one-half that of a crank engine of equal piston displacement 
for the same power output. Another important difference of this cam 
engine from the usual crank engine is that the motion of the pistons in 
opposite cylinders of the cam engine is identical with respect to the engine 
axis, so that the piston inertia forces balance each other. Perfect running 
balance is, thereby, obtained without the use of counterweights, the cam 
engine being the only radial or four-cylinder engine in perfect inertia 
balance. 

Main Shaft Distinctive. — Tn the Fairchild-Caminez engine, the four cyl- 
inders arc arranged radially about a central rotatable cam as shown in Figs. 
535 and 536. This cam is of the double lobed type, shaped generally like 
a figure 8. A roller bearing is mounted in each piston, the outer race of 
which acts directly upon this drive cam. Adjacent pistons are connected 
by a system of links, the contour of the drive cam being so designed that 
these links maintain the piston rollers in continual contact with the cam. 

Th^ main shaft of the engine is a straight alloy steel shaft to which the 
drive cam is splined. This shaft is supported in the engine case at the rear 
end by a roller bearing. The front main shaft bearing is a deep groove 
radial ball bearing which takes all the thrust load on the shaft and part 
of the axial load. The center plain bearing on this shaft is fitted with large 
clearance so that it takes but little of the axial load and acts mainly as a 

1111 
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means of transmitting the lubricating oil from the case to the shaft, from 
where it is distributed throughout the engine. 

The main engine casing consists of two aluminum alloy castings which 
are bolted together at the plane through the cylinder axis, eight long 'studs 
being employed to hold the casing together. The front, or propeller end 
casting holds the valve cam followers. The engine auxiliaries, which con- 
sist of two magnetos, pressure and scavenging oil pumps, and tachometer 
drive, are contained in a separate casting that bolts to the rear main engine 



Fig. 535. — Plan Sectional Drawing of Caminez Engine that Uses a Figure Eight 
Profile Cam Instead of Crankshaft for Operating Pistons and Receiving Power 

Impulses. 


casing. The engine is mounted in the airplane by means of the rear flange 
on the engine casing, provisions being made for eight J^-inch diameter bolts. 
The diameter of this mounting flange is twenty inches and the accessories 
behind this flange are so arranged that no connection on the engine need be 
disturbed when installing or removing the engine from the airplane. The 
external views of the engine, shown at Fig. 537, show the simplicity of the 
assembly and the substantial construction of the parts very clearly. Com- 
plete instructions for installing will be found in special chapter on engine 
installation. 
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With four strokes per revolution, the motion of the pistons in opposite 
cylinders in the cam engine is identical with respect to the engine axis. 
This produces complete inertia balance and results in smooth-running 
characteristics with a four-cylinder radial engine. By having the piston 
operate directly on the drive cam and avoiding the long connecting rod 
length necessary in the conventional radial engine, a more compact arrange- 
ment is secured, making possible sturdier construction, smaller size, and 
lower head resistance. The cam type radial engine further differs in that 
il provides an individual bearing to transmit power from each cylinder and 
thereby overcomes the objection to the conventional radial engine of having 
one connecting rod bearing taking the entire load of the forces acting in 
all cylinders. 


Double- roller 

bearing 


Propeller flange 


Pro peller dri ve * 
shaft 



I Carburetor 


Fig. 536. — Side Sectional Elevation Drawing of Caminez Engine Showing Simplicity 
of Valve Gear and Piston Arrangement. 

General Description “Cam” Engine. — Four openings are provided in the 
engine casing which receive the various cylinders. These cylinders, one of 
which is shown in part section at Fig. 538, consist <>f hardened steel finned 
barrels which are screwed and shrunk in special aluminum alloy heads. 
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Bronze inserts are shrunk in the heads for valve seats. Phosphor bronze 
valve guides are used. The tulip shaped exhaust valve is 2j4 inches diam- 
eter, and the mushroom inlet valve is 2]/ 2 inches diameter; both valve lifts 
being inches. Pressed steel valve rocker brackets are bolted to the 
cylinder head at their rear end and attached to the engine case at the front 
end by a long rod, the construction being such that a firm support for these 
brackets is obtained without putting too much of the push rod load on the 
cylinder head casting. The valve rockers are alloy steel drop forgings and 
have hardened steel rollers which contact on the valve stems. The push 
rod ball ends are contained in grease tight adjustable screws in the rocker 
levers, the screws providing means for obtaining proper valve tappet clear- 
ances. 



Fig. 537. — The View at A is the Fairchild-Caminez Engine Viewed from the Propeller 
End. Side View at B Shows Compactness and Simplicity of Assembly. 

Provisions are made to lubricate the push rod ball ends through Ale- 
mite connections in the rocker pivot bearings. Since each piston makes 
four strokes per revolution in the engine, single lobed intake and exhaust 
cams are mounted directly on the main engine shaft which operates all the 
valves in the engine. The valve tappet plungers are contained in remov- 
able aluminum alloy guides which fit in the nose end of the main engine 
casing. Rollers are mounted on floating hardened steel pins in the end of 
the tappet plungers which contact with the valve cams. Small holes drilled 
through the main engine shaft throw jets of oil on these tappet plunger 
rollers for lubrication. 

The pistons, as illustrated at Figs. 539 and 540, are made of heat treated 
aluminum alloy and are provided with four narrow compression rings. The 
pistons are of the slipper type with large bearing areas on their thrust sides 
Deep ribs are provided to strengthen the pistons and improve piston cool- 
ing. Special double row roller bearings are mounted in each piston, the 
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>iston being made with detachable caps to facilitate assembly. A piston 
,)in passes through the hub of these roller bearings at the ends of which 
ink holders arc fastened. The links inter-connecting the pistons, consist 
)f alloy steel straps. They have hardened steel pins keyed at their ends 
which work in bronze bushings in the piston link holders. Ample bearing 
irea is provided for these pins to reduce the unit bearing loads in the bush- 
■ ngs. Lubrication of these bearings is obtained by oil jets in the main 
engine shaft which register with these, bearings at every bottom stroke of 
1 he piston. The loads on these links and link pin bushings are due to the 



Fig. 538. — Cross Section of Fairchild-Caminez Cylinder Showing Steel Barrel and 
Aluminum Head Construction, Valveports and Valves. 


inertia force of the piston assembly away from the cam. The cam shown 
at Fig. 541 is so shaped that there is a practically constant load on these 
links at any given engine speed. 

The four-cylinder X arrangement lends itself admirably to air cooling. 
Moreover, the cam mechanism allows a more compact arrangement of cyl- 
inders, so that the overall diameter is considerably less than that of the 
4 “iiventional radial of equal power output. This small overall diameter, 
together with the wide gap between adjacent cylinders results in a small 
projected frontal area and allows good visibility. The excellent streamline 
hape of the main engine case and the absence of engine accessories project- 
"g into the streamline, also reduces the head resistance. The installation 
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of this engine requires no engine cowling and tests have shown that the 
engine will cool satisfactorily at full throttle in a 30 mile air blast. 

How Low Propeller Speeds are Obtained. — By providing four piston 
strokes per revolution instead of two, as in the crankshaft engine, the cam 
type engine obtains high power output per unit of displacement without 
resorting to high propeller speeds. The cam engine thereby obtains the 
effect of a two to one propeller reduction gear without the increased cost, 
complication, and added weight of this gearing. With the cam mechanism 
four cylinders are arranged radially about the central cam. Each piston 
is provided with a large roller, mounted on the piston pin, which contacts 
with this cam. A link arrangement is used to connect adjacent pistons, 


Cam follower 
roll 



Fig. 539. — Piston and Roller Assembly and Details of Piston Roller Bearing, Link and 
Link Holder Parts of Caminez Engine. 



and the shape of the cam is such that the piston rollers are constrained to 
follow the outline of the cam by means of the links provided. The drive 
cam is mounted directly on the engine propeller shaft and the four cylinders 
are set at right angles to each other about the central axis and act as guides 
for the reciprocating pistons. At each end of the piston pin is an inter- 
mediate link holder to which the piston connecting links are attached. The 
use of intermediate link holders which are free to pivot about the piston 
pin axis equalizes the tension in the piston connecting links and compen- 
sates for cylinder misalignment or any inaccuracy of the cam. The inter- 
mediate link holders prevent any piston side thrust being set up by forces 
acting in the links and provide an automatic compensation for the clearance 
between the cam and piston rollers. All engines are assembled with clear- 
ance between roller and cam not exceeding % 4 of an inch. Tests on the 
Model 447 engine have shown that the engine will operate satisfactorily 
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with % 6 -inch clearance, although careful measurement after long tests in- 
dicate no increase in initial clearance between the cam and rollers. 

The motion of the piston due to the drive cam is similar to that which 
would be obtained with a crankshaft in which the crank angle is equal to 
twice the angle of cam rotation. Referring to the diagrammatic illustration 
at Fig. 542, position 1 shows piston in cylinder A at top dead center. In 
position 2, this piston has moved down while the cam rotated 45 degrees. 
The force acting in the cylinder produces a force of V. 2 on the drive cam 
which acts with an equivalent moment arm equal to the distance d, the 
magnitude of the turning moment being F 2 x d. Position 3 shows the cam 



Fig. 540. — Piston, Roller Bearing and Link Assembly, Showing Arrangement About 
the Drive Cam in Caminez Engine. 

at 90 degrees rotation with piston in cylinder A at the bottom of its travel. 
The piston in each cylinder has completed a full stroke while the cam made 
one-quarter of a revolution. The piston in cylinder A has completed a 
power stroke, piston B a compression stroke, piston C an intake stroke, and 
piston D an exhaust stroke, one engine cycle having been completed in 90 
degrees of rotation. 

This engine is unconventional in the method of converting reciprocating 
motion of the pistons to rotary motion of the drive shaft. The engine has 
been thoroughly ground and air tested and other designs of greater horse- 
power are also in progress. The cylinders are 5^6 inch bore and 4 inch 
Troke and the engine weighs 360 pounds complete with all accessories ex- 
cept starter. Its rating is 150 horsepower. 
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Drive and Valve Cams. — The drive cam is a chrome vanadium forging, 
heat treated to obtain maximum surface-hardness on the cam profile, and 
carefully ground to conform to a master cam which has been generated to 
be correct to within .002 inch. This cam is splined to the main engine shaft 
as shown at Fig. 541. The piston rollers are special double-row roller 
bearings, the outer races of which act as the cam rollers while the inner 
race of the bearing is mounted on the piston pin. The roller races are 
made of high chrome, high carbon steel and are finished by grinding and 
lapping. Twenty %«-inch rollers, contained in an extruded bronze cage, 
are used in each bearing as shown at Fig. 539. 



Fig. 541. — Engine Driveshaft Assembly with Main Drive Cam, Valve Operating Cams, 
Main Roller Bearing and Ball Thrust Bearing. 


One intake and one exhaust valve cam are formed on an integral sleeve 
which is keyed on the main engine shaft. These cams operate all the valves 
in the engine. Since each piston makes four strokes during each revolution 
of the drive shaft, this shaft rotates at the correct speed to operate the 
valves. The single lobe on the valve cam opens each valve during one 
revolution of the engine. The firing order of the engine is 1-2-3-4. The 
valve tappet plungers arc contained in removable aluminum alloy guides 
which fit in the nose end of the main engine case. Hardened steel rollers 
are provided in the end of each tappet plunger to contact with the valve 
cam. A small hole is drilled through the main engine shaft which supplies 
oil to a series of holes in the valve cam to lubricate the tappet rollers and 
guides. 
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“Cam” Engine Has Good Performance. — The first production Cam en- 
gine was installed in a Waco Ten three-place airplane manufactured by 
the Advance Aircraft Company of Troy, Ohio. The illustration in the chap- 
ter on engine installation shows the simplicity of the mount and the clean 
installation of the Cam engine. The Waco Ten is a standard commercial 
airplane which is regularly supplied with the 0X5 engine. The Cam engine 
m this airplane results in a lighter installation and a 50 per cent increase 
in power. Its small frontal area permits the mounting of the Cam engine 



Fig. 542. — Diagram Showing Cam Mechanism in Three Positions During One Piston 

Stroke. 

higher in the airplane without affecting visibility. The higher thrust line 
of the propeller, due to the raised engine mount, has resulted in satisfactory 
Hying characteristics in this airplane. The 50 per cent increase in engine 
power over the 0X5, as well as the greater efficiency of the low-speed pro- 
peller, has given the Cam engine airplane a considerably improved per- 
formance over the usual engine installation. With the Cam engine the 
Waco takes off in three to four seconds in a very short run. The ship has 
a greatly increased high speed and almost double the ceiling of the 0X5 
engined airplane. Despite the increased reserve power of the Cam engine, 
its fuel consumption at cruising speed is 30 per cent less than the 0X5 air- 
plane. A greater cruising radius results with the same fuel capacity. The 
improved fuel consumption of the Cam engine is accounted for by the 
greater efficiency of the engine combined with its lower head resistance, 
its lighter installed weight, and the higher efficiency of its low-speed pro- 
peller. Comparative flight tests were made between identical Cam engine 
and 0X5 Wacos. With the 0X5 turning 1,500 r.p.m. at full throttle, the 
Cam engine Waco maintained the same airplane speed when throttled to 
820 r.p.m., at which speed the Cam engine was developing hut half its full 
throttle horsepower. The 0X5 at full throttle had consumed 9^2 gallons 
per hour, while to maintain the same flying speed the Cam engine consumed 
gallons per hour. 
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To test the flying characteristics at altitude, the Cam engine with pilot, 
two passengers and full load of fuel, which produced a useful load of 750 
pounds, climbed to 15,500 feet. In a test to determine the fuel consump- 
tion that can be obtained with the Cam engine, a seventeen hour twenty 
minute nonstop flight was made. The plane took off with a useful load of 
1,001 pounds and during the flight consumed 85.44 gallons of gasoline 
which is an average consumption of 4.9 gallons per hour. 



Fig. 543. — Sectional Diagram Showing Lubricating System of Fairchild-Caminez 

Engine. 

Fairchild-Caminez Lubricating System. — Lubrication of the engine is 
accomplished by a pressure — dry sump system as shown at Fig. 543. The 
two gear type oil pumps are driven from the rear auxiliary shaft, and are 
mounted as a unit as shown at Fig. 544. The lower pump receives oil from 
the external tank and delivers it under pressure, through a line running 
under the case to the oil screen, which will bypass should it become clogged, 
and then to the oil transfer bearing. This bearing feeds the hollow main 
shaft, which serves to distribute oil to all bearing surfaces. Nozzles, placed 
radially in the mainshaft on each side of the driving cam, throw oil to pis- 
tons, piston rollers, piston links and cylinders. Drillings through the driv- 
ing cam allow oil to pass to the surface of this cam, and radial drillings on 
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each side of the valve cams allow oil to pass to the valve cams, followers 
and tappets. Sectional drawings at Fig. 545 show the oil pump construction 
very clearly. 

The two anti-friction bearings on the main shaft are lubricated by the 
oil mist created in the case by the moving parts. The auxiliary shaft at 
the rear of the engine is hollow, and is fed through a small hole in the plug 
at its forward end. Drillings in the auxiliary shaft supply oil to the mag- 
neto and oil pump drive gears, and to the bearing supporting the shaft. 
Surplus oil in the engine all returns to a sump in the lower part of the 
case, whence it is inched up by the upper scavenging oil pump and returned 
to the oil supply tank. 



Fig. 544. — Magneto Bracket and Oil Pump Assembly of Caminez Engine Showing the 
Detail Parts and One of the Scintilla Magnetos. 

It is quite as necessary to use the proper grade or body of oil as it is 
to use an oil of high quality. Design and operating conditions have a de- 
finite influence on the oil that is best suited to the engine. Oils that are 
too light will not give adequate protection to the cylinders and bearings, 
and may allow blow-by of the compressed gases above the pistons. Oils 
that are too heavy may in some cases cause excessive carbon and gumming 
and in extreme cold weather may not circulate properly. Oils that will 
maintain an adequate film when heated or when diluted with fuel, should 
be used. Oils that are too heavy, on the other hand, may cause an unde- 
sirable drag, causing power loss and abnormal fuel consumption. Aircraft 
engines all operate at heavy loads as has been fully considered — nearly the 
full power available from the engine is used most of the time. Hence, high 
temperatures are developed that are altogether different from those en- 
countered in automobiles, which run at about 25 per cent throttle most of 
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Fig. 545. — Sectional Drawing Showing Oil Pump Assembly of Caminez Engine. 

Winter below 32 degrees Fahrenheit, Gargoyle Mobiloil “D” or similar high 
grade oil, is also recommended when ground level temperatures arc below 
freezing, provided that the oil is heated before the engine is started. Should 
there be no facilities for preheating the oil. Gargoyle Mobiloil “B” or equiv- 
alent is recommended. This oil is more fluid at low temperatures and will 
provide immediate circulation. When ships are housed in warm hangars, 
special heating precautions are unnecessary. 

When engines at rest are apt to be subjected to freezing temperatures 
for a few hours or longer, oil should be drained from the reservoir immedi- 
ately on stopping the engine. This oil may be saved and stored in a warm 
place. Before starting the engine again the warm oil should be put back in 
the reservoir. If the oil becomes chilled and too sluggish, it should be 
warmed by placing the can near a fire or in a warm place for several hours. 
If that time is not available the cans of oil can be placed in boiling water. 
It is inadvisable to place the cans in direct flames, as the oil might become 
hot enough to decompose at one spot while the rest would be scarcely 
warm. Stirring, of course, speeds up the warming. Oil should not be 
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heated to more than 150 degrees Fahrenheit. When warm oil is poured into 
tank, pour y 2 gallon through the back breather, to assure lubrication on 
starting. 

Lubricating the Engine. — Before each flight, make sure that the oil 
tank is filled to the proper level. Sufficient space should be allowed for 
expansion and for oil already in the lines. At no time should the supply 
be allowed to fall below two gallons, as less than this amount will circulate 
too fast and will overheat. Should the oil supply be nearly used up on long 
flights, it is far safer to land and refill if the supply becomes low. The 
oil reservoir should be drained and refilled after every twenty hours of fly- 
ing. This is best done just after a flight, when the oil is warm and stirred 
up, the latter condition helping to remove sediment that may be in the 
system. Under no circumstances should a flyer take a chance on using 
the oil for more than twenty hours, as the oil becomes contaminated with 
fuel, carbon and dust, which if allowed to accumulate, might cause damage 
to the engine. At engine overhaul periods, all oil lines and the oil tank 
should be thoroughly cleaned with kerosene. 

Located forward of the cylinders, in the lower part of the case, is an oil 
screen which clears the oil of large particles. This screen is easily remov- 
able through a cover plate attached by four cap screws. It should be re- 
moved and cleaned when the oil reser\oir is drained, or after every twenty 
hours of flying. Clean it in kerosene or gasoline and dry it in air or with a 
lintlcss cloth — not waste. Waste clogs the mesh and washes out in service. 
The filter location is clearly shown in Fig. 543. 

Oil Pressure. — Normal oil pressure at full throttle should run from 30 
to 45 pounds. When idling, w ith the engine warm, oil pressure should be 
three pounds or a little more. When the engine is cold, pressure will be 
somewhat higher, due to the cool thickened oil. Note — These pressures are 
lower than those required for many other engines, but the Fairchild- 
Caminez engine operates best with pressures recommended. If pressure 
falls below twenty pounds at nearly full throttle, land and find out why. 
Should the gauge fail to show the required pressure, check over the follow- 
ing points before adjusting the bypass valve which is shown in detail draw- 
ings of the pump at Fig. 545. 1. Use of the wrong grade of oil. (Follow 

recommendations in this book.) 2. Loose or broken oil piping or connec- 
tions. (Tighten or replace piping or connections.) 3. Clogged oil strainer. 
(Remove and clean.) 4. Bypass valve not functioning. (Examine and 
clean or replace parts as necessary.) 5. Broken oil gauge. (Replace with 
a new gauge.) 

Adjustment. — The pressure may be increased or lowered by adjusting 
the bypass valve on the oil pump assembly. To raise the pressure loosen 
lock nut and turn adjusting screw' clockw ise, and to decrease pressure, turn 
it counter clockwise. Be sure to tighten the lock nut. Oil temperature 
should never be allowed to run higher than 2(X> degrees Fahrenheit. If it 
does, a landing should be made as soon as possible to ascertain the cause. 
Overheated oil may cause damage to cylinders and pistons, and is most 
likely to be caused by an insufficient supply in the tank. Chronic high oil 
temperatures may be caused by improper location of the oil tank in the 
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airplane. To check this, see recommendations under “Oil Tank Installa- 
tions’* in special instructions for installing- the Fairchild-Caminez engine as 
well as others in a chapter to follow. The valve rocker arm shafts are lubri- 
cated through a high pressure fitting on the end of each rocker shaft. The 
rocker arm is drilled so that the hall joint is also lubricated when the high 
pressure grease gun is applied to the fitting. A heavy gear oil, such as Gar- 
goyle Mobiloil “C,” should be used in the gun, and each fitting should be 
lubricated every flying day. The Scintilla magnetos, which are standard 
equipment, should be lubricated every twenty flying hours. Use a high grade 
engine oil, such as Gargoyle Mobiloil Arctic, and apply four drops to each 
rear oil duct, and fill the front ducts. When inspecting the engine, one of 
the most important details is the thorough checking of the oiling system, 
and particularly the external oil lines and connections. Pay particular at- 
tention to the hose to and from the oil tank, and the tubing connecting the 
pumps with the sump and the oil screen chamber. 

Preparatory to Starting. — Refore starting the engine the following oper- 
ations should be performed: 1. See that there are four gallons of lubricat- 
ing oil in the oil tank. Note — During freezing weather the oil should be 
heated to 100 degrees Fahrenheit or 40 degrees Centigrade before filling the 
tank. At the end of each day’s flying the oil should be drained from the 
oil tank and stored in a closed container for use on the next flight. 2. Lu- 
bricate the valve gear with Zerk gun using Marfax No. 3, Mobiloil CC, or 
other high grade grease of equal lubricating qualities. Use a thin grease 
in winter. The valve gear should be greased each five hours of running. 
If longer running is contemplated, self-feeding grease cups should be in- 
stalled. 3. Turn the engine two revolutions by hand to make sure every- 
thing is free. Have switch “OFF” while turning engine. 4. Inspect all 
controls, fuel and oil lines, instruments, etc., as is customary before flying. 
5. Prime the engine. Two or three strokes of the primer arc sufficient. 
Do not prime a hot engine as the mixture will be too rich to fire in the cyl- 
inder. Turn the engine backwards two or three revolutions if this condition 
occurs. 

Starting the Engine. — With all preparations complete, start the engine 
as follows: 1. Engine Equipped with Hand Inertia .Starter. Crank the 
starter, withdraw crank, throw on magneto switch, leaving throttle closed, 
pull starter handle and hold till engine starts. The inertia starter will turn 
engine over about ten revolutions. The engine will start normally on the 
first or second revolution. Run engine at 400 r.p.m. (800 r.p.m. on tacho- 
meter) after starting. 2. Engine Equipped with Hand Booster Starter. 
Retard the spark fully, leaving throttle closed, throw on magneto switch 
and crank till engine starts. Spark control should be set to retard point 
of ignition to T.D.C. of engine. 3. Engine Equipped with Electric Inertia 
Starter. With throttle closed, throw on magneto switch. Press starter 
button to count of four, pull starter handle and hold till engine starts. 
4. Emergency Hand Starting. For emergency starting by hand cranking, 
retard the spark, turn engine over twice and use the customary “OFF 
CONTACT” signals for throwing the magneto switch. 

When the engine starts, run it at about 400 r.p.m. (800 r.p.m. on tacho- 
meter) for two or three minutes at which time it should be firing regularly. 
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Open the throttle steadily to full throttle, holding; the engine at maximum 
speed for only a moment to note the r.p.m., then close the throttle steadily 
to idling speeds. The maximum speed on the ground should be between 
890-950 r.p.m. (1,780-1,900 r.p.m. on tachometer) depending on the propel- 
ler used. 

Do not run the engine on the ground at full throttle for more than a 
few seconds. The air stream with the plane at rest is small and cooling in- 
adequate for full throttle operation and there is danger of damaging the 
engine. 

The lubricating oil pressure at 850 r.p.m. (1,750 r.p.m. on tachometer) 
should be about 30 pounds with oil at 120 degrees Fahrenheit. If the engine 
sounds ragged at full throttle, after it is warmed up, retard the spark, run 
the engine at 450-500 r.p.m. (900-1,000 r.p m. on tachometer) and test each 
magneto by the bulkhead or instrument board switch. A missing engine 
is usually corrected by changing plugs. New sparkplugs should always 
be tightened after the initial warming and ground test to take up looseness 
from expansion and from compression of new plug gaskets. 

Flight Operation. — The propellers used usually hold the engine to a 
maximum speed of 1,000 r.p in. (2,000 r.p.m. on the tachometer) in level 
flight at which speed it develops about 135 brake horseoower. In com- 
mercial flying the engine is usually throttled to three-quarter speed (775- 
850 r.p.m.) — (1 ,500-1,700 r.p.m. on the tachometer) at which speeds the 
engine develops about 65-85 brake horsepower. 

The lubricating oil pressure should be set at 30 pounds when the engine 
is turning 850 r.p.m. (1,750 r.p.m. on the tachometer) and at ten pounds 
when the engine is idling at 250-275 r.p.m. (500-550 r.p.m. on tachometer) 
with oil temperature at 120 degrees Fahrenheit. 

To set the pressure run the engine to warm the oil or heat the oil to 
120 degrees Fahrenheit. Set the idling pressure at ten pounds first by crack- 
ing the relief valve cage off its seat until the pressure drops to the required 
point. Tighten the cage lock nut. Speed the engine up to 850 r.p.m. (1,700 
r.p.m. on the tachometer) and with a screwdriver turn adjusting screw un- 
til the pressure stays at 30 pounds. Screwing in increases the pressure. 
Tighten the adjusting screw lock nut. 

The carburetor is equipped with No. 36 main fuel jets for general service. 
With this combination of fuel and air jets the mixture gives good economy 
at cruising speeds, and is rich for power at full throttle. When cruising at 
part throttle the altitude adjustment may be used to thin the mixture for 
good economy. When climbing at full throttle, the mixture should be full 
rich, as the air blast on the engine is low and the engine runs cooler with 
a rich mixture. 

Periodic Inspection. — All external working parts of the engine are ac- 
cessible for inspection and repair. 1. Rotate the engine by the propeller. 
Have switch “OFF.” The compression in each cylinder should be strong. 
There should be no other hard points of turning other than the four com- 
pression points. 2. Inspect the ignition wires to see that terminals are on 
plugs and that wires are not chafing. Clean the porcelain of each plug to 
prevent short circuiting from dirt. 3. Inspect, grease and oil valve gear. 
(See Fig. 546.) 4. Adjust tappet clearance to .008 inch when engine is cold. 
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5. Oil magnetos every 25 hours flying. 6. Clean oil and gasoline strainers. 
7 . Check magneto breaker point clearance with gauge in tool kit, and clean 
points. 

All work on the engine should be precision work. The engine, if run 
correctly, will give unusually long service before even a “top overhaul” is 



necessary. A general overhaul will not be necessary unless some part goes 
radically wrong inside the cam case. Usually this can be repaired without 
parting the cam case or pulling the shaft. Owners of “Cam” engines may 
send their engines to the factory for overhaul and reconditioning. This 
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work is done at a nominal sum. Complete overhaul kits may he purchased 
which include all the tools necessary for complete overhaul. 

Top Overhaul. — A top overhaul is necessary only when the engine is 
losing power from poor compression or is detonating from carbon deposits. 
The procedure of disassembly for top overhaul is as follows: 1. Take out 
all sparkplugs. 2. Remove all valve rocker brackets, pushrods, rockers and 
tic rods in a unit. Disconnect the tie rod at the caincasc end. Remove the 
three nuts holding the bracket and lift the assembly off intact. 3. Take 
off exhaust manifold. 4. Take off intake elbows. Unscrew packing gland 
nut two or three turns to loosen packing. Intake elbow will slip out. 5. 



Fig. 547. — Method of Compressing Valve Spring to Remove Valve Collar Retainer 
Shown at A. How to Pull Link Holders Outlined at B. 

Remove all ignition wires from the cylinder clips. 6. Remove cylinder 
flange nuts and pull off the cylinders. 

Caution: Do not use a chisel between the cylinder flange and skirt 
flange to start the cylinder. Tap the top of the cylinder sidewise 
with a rawhide mallet or tap the exhaust of inlet port flange which 
will break the joint loose and allow the cylinder to be easily pulled 
off. Never use hard hammer for this purpose. Be careful that the 
piston does not fall and hit the studs as the cylinder is pulled off. Cut six- 
teen pieces of ^4-inch rubber gasoline hose about two inches long and slip 
a length over each of the four cylinder studs near the center plane of the 
cylinders. These will prevent the pistons from being nicked when the cyl- 
inders have been removed. Do not remove the pistons unless inspection of 
the cam rollers and links require more than a top overhaul. 

Compress the valve springs with the spring tool as shown in Fig. 547 A, 
and remove the spring collar keys. The springs will slip off the valve stem 
with the compressing tool. Remove the ringlets from the valve stems and 
withdraw the valves. 

E^or rough grinding the valves use Clover Grinding Compound Grade 
“C” or “B. M Finish grinding with Grade “A.” Pits will usually appear only 
on the aluminum bronze valve seat and seldom on the valve. Grind only 
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sufficiently to gain a continuous seat. It is not necessary to grind until all 
the deep pits have disappeared as too much grinding will wear away the 
seat unnecessarily. Assemble the valves in the cylinders and test for tight- 
ness by filling the gas passages above the valves with high test gasoline. 
Wetness around the valve in the combustion-chamber indicates a poor seat 
and the valve should be ground until the test shows it to be tight. 

Inspection of Piston Rings. — If the lubricating oil consumption has been 
normal previous to the top overhaul and the rings are in good condition, it 
is advisable not to disturb them. If the rings are worn so that the gaps 
are too large they should ^cpli^ed with new rings. See Fig. 548 for 
clearances in fitting the rings.' 1 ' it is very essential that these clearances be 
adhered to. When fitting in new rings, stagger the gaps 180 degrees. The 
oil regulating ring should be inserted with the cutaway edge at the bottom 
of the ring groove. The carbon should be scraped from the piston head 
and cylinder head with a blunt or dull scraper. A sharp tool will cut the 
aluminum. 

Inspection of Valve Gear Assembly. — If the rocker arms have been 
thoroughly greased with the recommended greases after each five hours 
flying, there should be very little near in any of the valve gear parts. Try 
the valve rocker bushings for excessive play due to wear when new. These 
bushings are given .002-inch clearance. Replace these bushings with new 
ones if wear becomes greater than .004 inch. When assembling the valve 
rocker arm and bracket assembly the pin nuts should be pulled up tight so 
that the hardened steel sleeve is held tight between the steel bracket bush- 
ings. There should be at least .004 inch end clearance between the bracket 
bushings and the bronze rocker bushings. A smaller clearance will not 
allow sufficient space for a good film of grease. (Sec Fig. 549.) 

Assembly after Top Overhaul. — After the overhaul is completed proceed 
with the assembly in the following order: 1. Assemble valves and valve 
springs in cylinders. 2. Assemble valve gear assembly, i.e., rocker arm, 
roller, push rod, tic rod and bracket. 3. Secure valve gear assembly as 
shown at Fig. 549 to cylinder head making sure that the spacers are in posi- 
tion on the two front studs. Each valve gear should be assembled to the 
same valve from which it was removed so that the tie rod will go back into 
place without adjusting the eye screw for the proper tension on the rod. 

4. Slush the cylinder wall and piston rings freely with lubricating oil. 
Turn the driveshaft until the piston is on top center. Remove the rubber 
nipples from the studs. Squeeze the rings with the ring squeezer and slip 
the cylinder over the piston. Guide the push rod ends into their sockets 
as the cylinder is slid over the piston. When the rings are in the cylinder, 
remove the ring squeezer, then lower the cylinder into position. Take all 
necessary precautions to have the cylinder flange free from burrs or dirt. 
Cover the flange with Murphy’s Oil Soap or similar sealing compound to 
assure an oil tight joint. Do not let the piston fall over onto the cylinder 
studs and get nicked. Use the ring squeezer in the repair kit and be sure 
the rings do not break or bind as they enter the cylinder. 

5. The cylinder nuts should be started onto the studs before the cylinder 
is completely seated because the lowest fin will prevent the nut from going 
onto the screw if the cylinder is seated. Set down evenly on the cylinder 
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Fig. 548. — Drawing of Piston and Link Assembly of Fairchild-Caminez Engine Showing Clearances and Construction of Parts. 
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nuts and pull them all tight. 6. The packing in the intake manifold gland 
does not need replacing unless it has become hard or is damaged. If spares 
are not at hand cut % (i inch lengths of two inch inside diameter by 2 '/\ inch 
outside diameter rubber hose with cloth insertion A\hich will serve well 
as packing for the gland. Tighten up on the gland with a light pull on the 
gland wrench. This construction is clearly shown at Fig. 546. 7. Screw 

up on the elbow flange nuts at the intake port making sure that the gasket 
is intact and that the flange seats evenly. 

8. Connect the rocker bracket tie rod to the eye. The tie rod should 
be about % L > inch shorter than the distance from bracket to eye hole so 
that it is necessary to depress the front end of the bracket to slip in the 
bushing. This places the tie rod under an initial tension. Screw the nut 
of the clevis bolt tight and lock after assembly is completed. 9. Set the 
valve clearances by adjusting the nuts at the top of the push rods. Exhaust 
valve clearance cold — .008 inch; Inlet valve clearance cold — ,(X)8 inch. 



Fig. 549. — Valve Bracket and Lever Assembly of Fairchild-Caminez Engine. 


10. Screw in the sparkplugs and connect the ignition wires. The spark- 
plug gap should be set at .015 inch to .020 inch. The threads of the plug 
should have no burrs on them. The threads of the sparkplug bushing arc 
of duralumin and a burr on the plug threads will tear the threads in the 
bushing, making it necessary to insert a new bushing. 1 1. After a top over- 
haul the engine should be run at 500 r.p.m. (1,(XX) r.p.in. on tachometer) 
for an hour before flying This will allow the rings to reseat themselves 
before the engine is loaded and all other internal parts to be thoroughly 
oiled and properly seated on their co-acting members. 

Complete Overhaul of Engine. — Disassembly: A special repair kit of 
tools is required to make a complete overhaul of the engine. 1. Remove 
cylinders as given in procedure for “Top Overhaul. ” 2. Remove Pistons. 
Straighten lip on washers and remove link holder bolts. Draw piston pins 
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with pin puller in repair kit or by inserting end of J^-inch open end wrench 
in slot at end of pin and twisting while pulling as in Fig. 547 B. Lift piston 
and roller off cam. Keep the respective pistons, rollers and pins matched 
as they are balanced against opposing pistons to ] /g ounce. 3. Parting the 
Cam Case: Unscrew driveshaft nut and remove end plate. Pull the ball 
thrust bearing by using the special puller provided in the repair kit. The 
lugs in the puller ends are hooked into the outer ball race of the bearing. 
The strongback screw of the puller bears against the end of the shaft. Pull 
the valve cam using the same pifllcr with lugs grappling the boss on the 
cam sleeve. Disconnect the oil pressure line from pump to cam case. Re- 
move nuts from studs holding the two halves of the cam case. Tap the 
case with rawhide mallet to break the joint and loosen the cylinder skirts. 
Remove the four skirts. These are shown at Fig. 546. 



Fig. 550. — Magneto Bracket Assembly of Fairchild-Caminez Engine Showing Sim- 
plicity of Accessory Drive Mechanism. 

Part the cam case, removing the front half over the end of the shaft. 
Draw the driveshaft with roller bearing out of the rear half of the case. 
The links and holders will hang on the shaft as it is withdrawn. Take off 
magneto bracket assembly intact. (See Fig. 550.) When removing the 
magneto brackets, take out the terminal blocks from the magnetos leaving 
the blocks and ignition wires intact. Plug the sockets of the terminal 
blocks with hard wooden blocks. Note — The complete magneto bracket 
assembly can be inspected without disassembling and if left intact it can 
be replaced without disturbing the timing of the ignition. 

4. Disassemble Magneto Bracket. — If necessary to disassemble the mag- 
neto bracket, remove spark retard lever, pull out magneto advance shaft 
with yoke and pin. Remove magnetos with drive spindles. Remove gear 
cover plates and pull out drive gears with ball bearings. Take off lubricat- 
ing oil pump and drive gear with ball bearing. Remove bearing 1 retainer 
and pull out auxiliary drive shaft and ball bearing. 

Inspection and Repair. — 1. Inspect cylinder and valve gear assembly 
as given under “Top Overhaul.” 2. Examine piston rings for wear. If 
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the rings are worn too thin or the gaps are too large they should be re- 
placed with new rings. Piston ring practice is changing continually so 
the customers should wire or write the factory for new sets of rings when 
needed. When replacing rings, set the gaps so they will be at opposite 
sides and check the ring side clearance with thickness gauges. The clear- 
ances are shown in Fig. 548. The clearances given should be followed 
closely for best results. 

3. Cam Rollers. — Remove the bronze cages and the rollers from the 
piston roller-hearings. Clean the cages and examine carefully for cracks. 
The cage should he replaced with a new one if the slightest crack is found. 
Examine the rollers and inner race of the bearing. A few small pits in the 
race are not injurious if the main surface is good. Examine the outer race 
or cam follower. The outer surface of the race which rolls on the main 
cam should be smooth and bright. If the lubricating oil system is allowed 
to become dirty and the oil collects hard particles small enough to get 
through the oil strainer, the surface of the roller may be slightly pitted. 
It is not necessary' to stone these pits all out, but the roller surface should 
be stoned with the finest grade carborundum to take down the minute pro- 
jections from the roller surface. The stoning should be done with a rolling 
motion in line with the cur\ ature so that no flat spots will be left on the 
roller surface. The stoning should merely smooth off the minute high 
spots. If the pits in the roller surface are many and deep the roller should 
be put in a grinder and the surface ground down. Usually a cut of .0005 
inch will take off the pits. In any case not more than .001 inch should be 
ground from the surface of the roller. This will decrease the roller diam- 
eter .002 inch. The same amount should be taken off from each roller. 
Grind with small cuts and with a soluble mineral oil solution. When the 
rollers are ground down the clearance between cam and rollers is increased 
and the engine is noisy in operation. If the rollers are in poor condition 
new rollers should be put in. In no case should the roller clearance be more 
than .015 inch. The clearance is measured when the cam is on top center 
and with the other three rollers bearing tight on the cam. In any case of 
doubt send the rollers to the factory for examination. 

4. Piston Pin. — Examine the piston pin carefully to sec whether it shows 
signs of working at the ends where the link holder bolts bear on it. The 
bolts should be tight in the slots of the pin to keep it from working. 5. 
Link and Pin Holder Assembly: Note carefully how the link assembly is 
marked and assembled before taking apart for inspection. Take apart and 
assemble one link holder bearing at a time and finish the assembly before 
starting on the next. The link holders in front of the cam are marked FI, 
F2, F3 and F*4. Those behind the cam arc marked Rl, R2, R3 and R4. 
Examine the bronze cages of the link roller bearings for cracks. Replace 
any cracked cage with a new one. Make sure that the link screw is inserted 
in the right direction so that the nut will be on the cam side of the links 
when the engine is assembled. 

6. Camshaft Roller Bearing. — Examine rollers and race to see that they 
are not pitted. Examine cage to see that it is intact. 7. Valve Cam and 
Drive Cam : The cam will give no trouble unless it receives severe abuse. 
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Stuck rollers or poor oil may scuff the surface of the main cam. Examine 
cam surfaces for batter marks. If the surface of the main cam is rough, 
stone it down with the finest grade carborundum stone using a rolling 
motion over the curvature of the cam so that the stone will not make flat 
spots on the cam. Stone off only the rough spots which rise above the cam 
surface. Slight pits below the surface will not affect the operation of the 
engine. If the cam has received bad batter marks, the cam should be re- 
placed with a new one. The cam should be pressed off from the rear of 
the shaft. Withdraw the steel oil nozzle before pressing the cam off. When 
pressing a new cam on the shaft make sure that the four oil nozzles covered 
by the cam are seated. The cam is marked A-B on one side of each lobe. 
These letters face the rear of the shaft (toward the roller bearing). The 
oil holes in the cam must line up with the oil nozzles in the shaft. The 
cam should go on with a light press fit. If the fit is too tight the cam will 
crack at the small section. The cam will be in correct relation to the valve 
cam if the oil holes are in line. 

8. Lubricating Oil Strainer. — Withdraw the strainer and inspect for 
holes in the screening. Recover with No. 40 mesh 3,380, bronze wire screen 
if it shows signs of deterioriation. 9. Lubricating Oil Pump: Disassemble 
the lubricating oil pump and inspect the gear teeth for wear and the gears 
for tightness on the shaft. See Fig. 545 which shows the oil pump construc- 
tion very clearly. 10. Inspect and repair cylinders and valve gear as given 
under “Top Overhaul.” 

Assembly after Complete Overhaul. — 1. Precautions: Have all parts 
absolutely clean. Work with clean tools. Make sure that burrs are cleaned 
from all joined surfaces so that the joints will be tight. Smear a thin film 
of “Murphy’s Oil Soap” or its equivalent on all joints. This helps to make 
an oil tight joint. Never allow a stud to remain loose but put an oversize 
stud in its place. Use only nuts with good thread. Always use a rawhide 
hammer for pounding as rawhide does not nick the parts. Always match 
parts by the numbers stamped on them. Follow fits given on assembly 
drawings. 

2. Order of Assembly. — Mount rear half of cam case on assembly stand. 
Main Roller Bearing: If the roller bearing has been removed from rear end 
of shaft, slide it on to shaft making sure that the skew pin is in place and 
that the spacer has been put on. Set up tight on the nut and lock it securely 
by bending the lips of the lock washer. Driveshaft: Place the link assem- 
bly with link holders marked “R” over the rear end of the shaft with link 
bolt nuts toward the cam. Flush the roller bearing with oil and insert the 
shaft with roller bearing into the roller race in the rear half of the cam case. 
Place the link assembly with link holders marked “F” over the front end 
of the shaft and with link bolt nuts toward the cam. The links marked 
A and B assembled on the link holders marked FI, F2, F3 and F4, and links 
marked C and D are assembled to link holders marked Rl, R2, R3 and R4. 

Cam Case. — Examine the bronze plain bearing and oil passages. Renew 
the bearing if badly scored. Make sure that the oil holes line up w r hen 
putting in new bushing. Flush the bronze bearing with oil and slide the 
front half of the cam case over the shaft but do not set up on the cam case 
nuts. 
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Cylinder Skirts. — Insert the cylinder skirts, putting each skirt in its 
respective hole. It can go in one way only. Screw up tight on the cam 
case nuts. Smear the shaft end well with graphited grease and shove the 
valve cam sleeve onto the shaft. The cam end of the sleeve goes on first 
and the sleeve should be a snug but not tight fit on the shaft. If a new key 
is necessary give it about .002 inch top clearance but no side clearance in 
the slot of the cam. See Fig. 551, also assembly view of engine at Fig. 546. 
Place the shims on the studs at the front of the engine cam case. (Note — - 
There are no centering shims on some engines.) The shims should be the 
same as those taken out when the engine was dismantled. They center the 
cam under the cylinders. If a new driveshaft or valve cam has been assem- 
bled it will be necessary to center the drive cam and determine the thickness 
of centering shims required. To center the cam use inside callipers or in- 
side micrometers between the cam and the cylinder skirt on the diameter. 
Tap the shaft either way until the cam is .010 inch to .015 inch back of 
center. 

Ball Thrust Bearing. — Insert the ball thrust bearing into the retainer 
and slide the assembly consisting of bearing, retainer and spacer over the 
shaft. Tap with rawhide mallet or brass rod until the spacer seats on the 
valve cam sleeve and the retainer seats on the cam case. Now put on the 
cam case end plate and tighten up on the nuts. Screw up tight on the drive 
shaft nut using special adjustable spanner. See Figs. 5*16 and 551. Check 
up on the centering of the cam. If the cam is too far forward or too far 
to the rear, remove or add shims from behind the ball thrust bearing re- 
tainer equal in thickness to the distance the cam is out from correct posi- 
tion, i.e., .010 inch to .015 inch back of center. Assemble the valve cam 
followers complete. Use new gaskets under the guide flange. Insert the 
eight follower guides in their respective places as shown at Fig. 546. 

Assembling Pistons and Rollers. — The piston rings should have side and 
gap clearance as given in drawing big. 548. This should be carefully 
checked as insufficient clearances will cause the rings to bind in the grooves 
at high engine loads. The respective pistons, rollers and pins should be 
replaced in their original position. If anv new parts are added to the as- 
sembly the complete assembly must be checked for weight and balanced 
against the diagonally opposite assembly. The assembly consisting of pis- 
ton, rings, roller bearings and piston pin is balanced against the diagonally 
opposite assembly to within y* ounce. Small discrepancies in weight are 
compensated by removing aluminum from the piston at a point not highly 
stressed such as the inner part of the skirt. Never grind on the roller or 
the cage. If larger discrepancies exist between an old and new assembly, 
a piece of tubing of the correct weight to balance may be pressed into the 
piston pin of the lighter assembly and located at the center of the pin. 
Weighing should be done on sensitive balances as ordinary scales will not 
weigh accurately enough. 

Assembling Pistons and Links. — Place rubber nipples over the four cyl- 
inder studs at the side of the pistons to prevent nicking them. Starting 
with piston No. 1, draw link holders marked FI and R1 up through the 
cylinder skirt so that they can be attached to the piston pin. Start the 
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piston pin through the forward link holder (F) with slots turned toward 
the cam. 1 urn the shaft so that the lobe of the cam is up on No. 1 top 
.-enter. Set the piston with roller on the cam and shove the pin through. 
The link holder bolt goes through from left to right when standing on the 
same side of the piston as the link holder. Tt will not go through in the 
reverse direction because the flat on the bolt head will be in the wrong- 
position to clear the skirt of the piston. Use new lock washers each time 
the bolt is re-assembled and bend the lip up tight against the nut. The bolts 
should be a snug fit and not loose in the hole, as a loose bolt will allow the 
link holder to turn on the pin and wear both bolt and link holder. Proceed 
similarly with piston No. 2, No. 3 and No. 4. When the assembly is com- 
plete, check it over to make sure that all lock washers and nuts are tight. 
Assemble the cylinders as given under “Top Overhaul.” 

Assembling Magneto Bracket. — The magneto bracket contains the only 
gears in the engine. Care should be taken when inserting ball bearings and 
gears that everything works freely and that the gears are in line. Loose or 
tight gear fits will make a noisy engine. Insert shims between the bearing* 
race and the cover to decrease the clearance of gear teeth. See Fig. 550. 
When the assembly is complete it should turn smoothly without binding at 
any points. Never allow an assembly to go on the engine if there are spots 
that bind. Find the cause and remedy same. Leave the magnetos off until 
ready to time the engine. Insert the auxiliary driveshaft with the yoke and 
put on the spark retard lever. Insert the auxiliary drive shaft spring. Turn 
the shaft so that the "O” marks on the end of the shaft line up with the 
“O” mark on the end of the aluminum bushing in the end of the drive shaft, 
slide the bracket into place and bolt it onto the cam case. 

Timing the Engine. — The ignition is the only mechanism to be timed 
as the valve cxents cannot be changed. The ignition should be timed with 
a dial graduated in degrees bolted to the propeller hub. If a dial is not 
available the setting can be made closely by measuring the advance on the 
rim of the propeller hub with a flexible scale. The procedure is as follows: 
1. Find top center No. 1 cylinder. 2. Turn the engine eighteen degrees 
backward (clockwise when looking at the front). On the rim of the pro- 
peller hub (Note — not on propeller) this amounts to 1.57 inches or about 
l ;t %4 inches (since the timing is measured on the drive shaft which turns in 
the same relation to the pistons as the camshaft of a crank engine, 180 de- 
grees on the drive shaft corresponds to 360 degrees on the cranks of a crank 
engine). 3. Set the opening of the magneto breaker points to .015 inch 
using feeler on wrench provided. Set both magnetos so that the breaker 
points arc just about to break for No. 1 position. 4. Insert the magneto 
drive shaft for each magneto into its socket. 5. Put the couplings on the 
drive shafts. The drive shaft has nineteen teeth and the magneto gear 
twenty teeth. If the magneto gear will not slip into the coupling without 
turning, turn the coupling a tooth in the direction of least discrepancy and 
try again. After several such trials the magneto may be coupled so that 
die magnetos fire within y> degree of each other or absolutely in time. 
Hie rear plug in the cylinder should lire slightly before the front plug. The 
•ight magneto fires the rear plug and its breakers should open about 
degree to degree before the left magneto breakers. Where a dial is not 
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used to obtain great accuracy it is sufficient to time one magneto and syn- 
chronize the breakers of the second magneto with the first by use of ciga- 
rette paper. Always check the timing before starting the engine after re- 
timing. 6. Secure each magneto by the four cap screws through the bot- 
tom of the bracket and secure the cap screws by wire. 7. Place the terminal 



blocks in the magnetos making sure that the members of the blocks match 
the members on the magnetos. Make sure that the ignition wire locking 
screws are all tight and especially that the screw in the “II” terminal is 
screwed in tight if the terminal is not used. A loose screw will wreck the 
magneto if it falls into the rotating parts. 
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Lubricating Oil Pump. — The lubricating oil pump can be assembled in 
only one way. See Fig. 545. The narrow gears go in the bottom half and 
the steel separating plate sets into the recess in the bottom half. The relief 
valve should be set with some compression on the spring but the pressure 
is not set until the engine is run on the stand or in the plane. Lubricating 
oils used in the “Cam” engine should have a viscosity of 120 to 130 sec. 
Saybolt at 210 degrees Fahrenheit. Operators of Cam engines should be 
very particular as to the specifications and qualities of the oil they are using. 
Oils should be purchased by specification rather than by trade name as the 
blends of blended oils are frequently changed. Any questions in regard to 
lubricants should be referred to the Material Department, Fairchild- 
C'aminez Engine Corporation, Farmingdale, Long Island, N. Y. 

Intake Manifold. — The intake manifold is an aluminum casting which 
fits into the rear half of the cam case and is connected by short pipes to 
the separate cylinders. Two passages are contained in this manifold which 
connect to the separate barrels of the duplex caiburetor by means of short 
pipes passing through the oil sum]) of the cam case casting. The hot oil 
in the sump provides a hot spot above the carburetor flange — the carburetor 
being bolted directly to the case beneath this oil sump. Passages in the 
manifold are so arranged that opposite cylinders draw from the same car- 
buretor barrel, with the result that no overlapping suction occurs and good 
distribution is obtained. 

Carburetor Specifications. — -The specifications gi\en later for the dif- 
ferent conditions of operation of these carburetors ha\e been evolved after 
a great deal of painstaking effort by all parties concerned in the production 
and operation of the engines and carburetors, and represent the combined 
result of much dynamometer, torque stand and flight Avork. The specifica- 
tions should, therefore, ne\er be changed unless absolutely necessary, and 
then only when sufficient data are at hand to determine exactly the nature 
and extent of the change. These specifications are usually given oil an 
aluminum tag riveted to the carburetor. The carburetor is of the two- 
barrel or duplex type, each barrel being in itself essentially a separate car- 
buretor. The barrels have an actual internal diameter of 2 :t/ , (; inches and 
the throttles arc placed on the same shaft and are consequently operated 
by a single lever. The common float chamber is placed between the bar- 
rels, this construction giving a uniform action under the different angles 
assumed by the airplane when on the ground or in normal flight. A single 
mixture control, of the back suction type, is used, this being possible since 
the two barrels draw from the common float chamber. The operating ac- 
tion of the throttle and mixture control levers is fore and aft. The internal 
specification or setting in the carburetor has been worked out to fit the 
requirement of the Cam engine. A DViy-inch venturi and a No. 39 Main 
Metering Jet should be used. 

For starting the engine the general practice given in the chapter on 
Stromberg carburetors is recommended. It can readily be seen that with 
the low speeds used in cranking, it is much easier to start the idle system 
to functioning than the main well. In starting, therefore, the throttle 
should be kept closed, or nearly closed, at least until the engine fires. 
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Service Operation. — It has been found in service that there are several 
points, more particularly pertaining- to adjustment, which require attention 
in order to obtain the best results from the carburetor. The idle adjust- 
ments on these carburetors cover a wide range and it is possible to make 
the mixture furnished the engine at the lower idling speeds either quite 
excessively rich or lean. Both conditions have a noticeably bad effect on 
the operation, not only on the idle itself, but on the acceleration and other 
factors of performance. The correct condition is, of course, that which pro- 
vides just the right mixture to make the engine idle smoothly and regularly. 
This is usually a compromise as the engine requires a leaner mixture when 
hot than when cold. 

The actual regulation should be made working with both the idle ad- 
justments and the throttle stop adjustment. The throttle stop adjustment 
is easily recognized, being a small screw fastened in an arm rigidly con- 
nected to the throttle shaft. In the closed throttle position this screw 
strikes against a small steel stop cast into the body of the carburetor. The 
regulation of this screw, therefore, determines the minimum throttle open- 
ing. When the engine is in good condition with no manifold leaks, a good 
regular and positive idle can be obtained at approximately 250 r.p.m. (500 
r.p.m. on tachometer) with spark advanced. With the mixture adjusted 
correctly, there should be no excess of black smoke or tendency toward 
“loading up” from a too rich mixture or irregularity from a too lean mix- 
ture. 

At the lower idling speeds, it is not possible to make all of the cylinders 
fire with equal strength. Due to the low velocity in the manifold, it is the 
tendency of the heavier parts of the mixture, that is, the liquid particles, 
to collect and run to the bottom cylinders. These cylinders will, therefore, 
always be the richer. Tf, in addition to this natural condition, there are 
any manifold leaks around the top cylinders, they may not fire due to a 
too lean mixture. There is always a normal air leakage by the valve stems 
and a certain amount of exhaust gas dilution due to the overlap of the 
valves. A little careful observation and experiment will soon show what 
adjustment is best for any particular engine. Jn this connection, account 
should be taken of the other factors of performance, notably acceleration. 
If the idling mixture is either excessively rich or lean, the acceleration on 
a quick opening of the throttle from the lower idling speeds may be bad. 
Acceleration is also greatly affected by the fuel level in the carburetor. To 
obtain the best acceleration, the level should be as high as possible. The 
limiting factor in this respect is, of course, the stipulation that there be no 
flooding when the carburetor is tilted at any angle of normal bight. The 
correct level to fulfill these conditions is V/z inches below the parting sur- 
face of the two halves of the carburetor. A tolerance of D/je inches in 
either direction is allowed. 

The specific gravity of the fuel used, as well as the fuel pressure, have 
a noticeable effect on the level. The level will lie lower as the fuel is 
heavier. The carburetor as originally supplied has the level set for a very 
good (that is, light w eight ) grade of aviation gasoline. The use of fuel with 
a higher specific gravity will cause an excessively low level. High fuel 
pressure at the carburetor inlet will cause a high fuel level. If a fuel pump 
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is used, three pounds per square inch in pressure at the carburetor is re- 
commended. If a gravity fuel system is used the outlet of the fuel tank 
should be at least one foot above the carburetor fuel inlet. 

Carburetor Settings. — It is, therefore, best when indications of poor 
acceleration are present and all readily visible causes have been eliminated 



to check the fuel level. This can be done with the carburetor on the engine, 
though it is usually better to remove it and set the carburetor on the work 
bench with the necessary equipment. The check should always be made 
under conditions similar to those of actual operation ; that is, with the same 
fuel as used in the engine and with the same fuel head on the carburetor 
as is actually present at extreme low idle. If the level is not correct, it 



1140 


MODERN AVIATION ENGINES 


should, of course, he made so. The settings in these carburetors were de- 
termined using a good grade of aviation gasoline and as far as possible 
allowance was made for a normal variation in weather conditions. For 
operation in extremely cold weather or with inferior gasoline or combina- 
tion of both conditions, it may be found necessary to use larger metering 
jets. 

The ideal aimed at is, of course, the minimum possible fuel consumption 
consistent with good engine performance. Check the carburetor first to 
determine what metering jet size is actually in place. If the size is that 
given as correct for the particular conditions under which the carburetor 
is operating, the main metering jets may be removed and jets of two drill 
sizes larger substituted. Metering jets should never be drilled out. New 
metering jets of the size desired should be obtained as there will be a great 
likelihood of large errors with uncalibrated jets. It should never be neces- 
sary to increase the main metering jets by more than two sizes and as an 
invariable rule, do not use a main metering jet more than four sizes larger 
than the standard specification. In any event pilots should be warned to 
use the mixture control as much as possible. The carburetors should at 
every opportunity be checked carefully to see that all parts, screws and 
connections are tight and that all controls are functioning properly. The 
fuel strainer in the carburetor should be cleaned regularly. 

As noted under “Bench Inspection," in the carburetor chapter, the car- 
buretors at any time it is deemed necessary, may be partially disassembled 
and given a thorough inspection to determine their condition. It is recom- 
mended that this be done in all cases of doubt. The operation of the engine 
depends to such a large extent upon the carburetor that its condition should 
be kept at all times as nearly perfect as is possible. For an overhaul, the 
carburetor should be almost completely disassembled so that the condition 
of every part can be determined. An aircraft carburetor which is properly 
overhauled should lie in exactly the same condition as a new one. This 
requires a thorough knowledge of the carburetor and painstaking attention 
to every detail of disassembly , examination and re-assembly. The procedure 
given in chapter on Stromberg carburetors should be followed in all par- 
ticulars. 

The illustrations of the carburetor should be examined carefully, with 
particular reference to the actual mechanical construction so that the dis- 
assembly and re-assembly can be properly made. The carburetor has been 
designed in so far as possible to require no special tools. However, as is 
necessary for all good work, the best of tools should be used and only those 
which are exactly fitted to the work. Particular care should be taken to see 
that gasket surfaces are not injured. Especial carefulness is also required 
for the proper assembly and disassembly of the float mechanism. This is 
made of sturdy construction to stand hard service, but it is necessary for 
proper operation that it be assembled with the pivot accurately lined up, 
and the needle in its proper location at all positions of operation so that 
there is no tendency to bind. Be certain that the float does not rub on the 
carburetor walls. 

To disassemble the Model NA-U5 carburetor shown at Fig. 552, it is 
necessary first to remove the eight fillister head screws which hold the two 
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halves of the carburetor together. Sometimes these halves stick after long 
service but will loosen easily with a few light blows from a rawhide mallet 
on the lower half, holding the upper half securely in one hand. Then un- 
screw the two plugs in the bottom of the main discharge nozzle bosses. 
Unscrewing the accelerating well screw will then allow the removal of the 
main discharge nozzle proper and the accelerating well screw. After these 
are out, the accelerating well stud should be unscrewed from the main dis- 
charge nozzle. The location of the gaskets removed should be carefully 
noted so that they can be put back correctly in place when the re-assembly 
is made. Remove the strainer from the strainer chamber. 

The float assembly and float needle valve can be taken out by unscrew- 
ing the float fulcrum screw. Unless it is known that the float level in the 
carburetor is incorrect, it is not necessary to remove the float needle valve 
scat. This has been securely placed in the carburetor and is set at the 
proper position to maintain the correct fuel level. If an examination shows 
that a new needle is needed, it will then probably be necessary to remove 
the seat to reset the level and obtain a tight fit with the new needle. Re- 
move the idle air bleeders and the idle tubes from the lower half. See that 
all drilled passages are open. The mixture control \alve is opened to in- 
spection when the cover plate is removed bv unscrewing the small fillister 
head screws. The mixture control valve is individually fitted and is not 
interchangeable with valves from other carburetors. 

If the throttle valves fit accurately and the throttle shaft works freely 
in its bearings, it is not necessary to remove these. In case of removal the 
throttles should be marked for refitting. These throttles are machined 
accurately at the exact angle they lie in the carburetor barrel (twenty de- 
grees with the horizontal). The barrels are carefully finished with a reamer 
which is held to within five ten-thousandths of size, in the reaming, how- 
ever, the barrels attain different degrees of heat and there may be slight 
variations in size. For this reason the throttles are each fitted individually 
nil the original assembly. Therefore, when removing them, mark carefully 
so that each throttle is returned to the proper barrel with the proper face 
up and all points on the circumference in exactly the same location as be- 
fore removal. The hexagon head plug which holds the idle adjustment 
assembly in place should be unscrewed and the assembly removed. 

The assembly of the carburetor is, of course, just the reverse process 
given above with the following addition: after the assembly of the lower 
half, the float level should be checked and if not right corrected. As noted 
above, the obtaining of a correct float level is of the highest importance. 
Jn making the re-assembly, too much care cannot be exercised in seeing that 
all necessary gaskets are in place. There arc many gaskets in the carbu- 
retor and the omission or improper placing of any one of those may cause 
complete failure of the carburetor action. In assembling the upper and 
lower halves of the carburetor together, it should be made certain that they 
ht well. It will be noted that the venturi tube is held in place by a shoulder 
machined on the tube itself fitting into a groove in the lower half. The 
thickness of the shoulder and the depth of the groove are nearly the same 
so that the venturi will be held tightly in place and will not move under 
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vibration. Check carefully to see that the venturi shoulder will not hold 
the two halves apart, for should it do so, the resulting action will be the 
same as that from an imperfect main body gasket. 

QUESTIONS FOR REVIEW 

1. What is the distinctive feature of the Fairchild-Camincz engine? 

2. How arc low propeller speeds obtained in the Caminez engine? 

3. Why arc valve timing cams dri\cn directly from the engine drive shaft in 
Caminez engine? 

4. Describe lubrication system of Caminez engine. 

5. What is the normal oil pressure of the Caminez engine? * 

6. Outline steps in starting Caminez engine. 

7. Describe periodic inspection procedure for Caminez engine. 

8. When is top overhaul necessary? 

9. Outline steps in a complete overhaul of the Caminez engine. 

10. How is Caminez engine timed? 
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WRIGHT WHIRLWIND ENGINES 

Wright “Whirlwind” J4A Engine — Wright J5 Engine Features — Specifications, J4A, 
J4B and J5 Engines — General Description — Cylinders — Crankcase — Crankshaft — 
Valve Operating Mechanism — Connecting Rods — Pistons — Valve and Springs — 
Ignition — Fuel Pump — Induction System — Lubrication System — Accessories — 
Whirlwind Engine Troubles — Engine Fails to Start — Low Oil Pressure — Crank- 
case Filling with Oil — Engine Runs Unevenly — Excessive Oil Temperature — Car- 
buretor Leaking — Cold Weather Cautions — Inspection Routine — Daily Inspection 
— After Twenty Hours — Complete Overhaul — Disassembly and Inspection — 
Whirlwind J5 Cylinders — Whirlwind J4A and J4B Cylinders — Nose Plate — Crank- 
case Front Section — Intermediate Section — Connecting Rods — Master Rod — 
Crankshaft — Inspection — Replacement of Valve Guides — Assembly of All Parts — 
Valve Operating Mechanism Adjustments — Timing — Installing J4B Cylinders on 
J4A Engines — Wright J5 Carburetor — Carburetor Overhaul — Carburetor Re- 
assembly. 

The current Wright ‘'Whirlwind" Model J5 is the result of seven years’ 
intensive development on one type of engine without alteration in Lore and 
stroke and without changing any basic feature of the original design. The 
development contract under which this series of models began was dated 
February 28th, 1 ( U0. Since that time seven successive models have been 
developed and several thousand engines sold, practically all going into im- 
mediate service where thousands of flying hours have been accumulated. 
'This service testing in the hands of the United States Navy and many 
commercial interests has resulted in a wealth of practical experience and 
technical data, which has formed the groundwork for further improvement 
in detailed design. These improvements have first been developed and 
tested in the laboratory through extensive dynamometer trials and later 
supplemented by flight tests where average service conditions were sim- 
ulated. When conclusively proven, the changes have been definitely 
adopted as standard and made a feature of the next production run of 
engines. 

This policy of gradual improvement and perfection has resulted in a 
sound development where each successive model has contained improve- 
ments dictated by service experience with the preceding engine, and in 
which each model has been uniformly successful. No other American air- 
cooled engine has such a history; in fact, the successful development of the 
Wright “Whirlwind” engine has been largely responsible for the American 
acceptance of air cooling as an ideal for aviation service. At the close of 
the World War the entire American aircraft engine industry was concen- 
trated on the production of water-cooled engines. This concentration was 
logical, since the early American aircraft engines using the water cooling 
principle had been more successful than the early attempts at the use of 
air cooling. Up to this time no American air-cooled engine producing 
more than 100 horsepower had been successfully constructed, and it was 
generally felt that the expense of developing this principle, with the attend- 
ant difficulties, would be so great as to be unwarranted by the funds avail- 
able at that time. It is fortunate, however, that among those responsible 
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for the future success of American naval, military and commercial aviation 
were a few farsighted men whose faith in the principle of air cooling led 
them to devote their time and the funds available to further development 
of this type of engine. 

In 1916 Mr. Charles L. Lawrance started a development of air-cooled 
engines of small power. J 1 is early experiments led him to the belief that 
larger powers could be successfully constructed, and it was largely through 
his efforts that an experimental contract for the development of a nine- 
cylinder, 140-horsepower air-cooled radial engine was awarded by the 
United States Army early in l f UO. Immediately thereafter the United 
States Navy also gave Mr. Lawrance a contract for a similar type of engine 
to have a guarantee of 200 horsepower at 1,800 r.p.in. These two engines 
were developed simultaneously and both passed their 50-hour acceptance 



Fig. 553. — Wright “Whirlwind” J4 Radial Cylinder Engine. At Left, Viewed from 
the Propeller End. At Right, Rear View Showing Carburetor and Induction System. 
Note Differences in Detail with J5 Models. 


tests early in 1021. This second engine, designed and constructed for the 
United States Navy, was the forerunner of the now famous series of Wright 
“Whirlwind” engines, having a bore of A)A inches and a stroke of 5 
inches, and rated at 200 horsepower at 1.800 r.p.m. Since that time eight 
successive models have been produced without alteration in the basic de- 
sign. These models have been the J 1, J2, J 3, J 4, J4A, J4B, J5 and J6. Each 
model has been produced in quantity for the United States Navy before 
being released for commercial sale. In this way commercial aviation in the 
United States has been given the benefit of time-tested engines of a design 
already approved and tried by the United States Navy. The current models, 
J5C, J5CA and J6 combine all the experience with the preceding engines and 
constitute a refinement which goes far beyond their capabilities. 

It is the policy of the Wright Company to incorporate engine improve- 
ments and minor new developments in their engines as rapidly as possible. 
To designate each factory run of engines of exactly the same detailed de- 
sign, capital letters are added to the basic model designation. In this way 
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the Model J4A was a refinement of the Model J4, and in a similar way 
the Models J5C and J5CA indicate minor modifications of the basic Model 
J5 design. The rapid development of American commercial aeronautics 
came coincident with the Wright “Whirlwind” Model J4B, and it was this 
engine which was so successfully and so widely used in commercial enter- 
prises during the year 1926. Tn competition with war surplus engines at 
much lower first cost, the Wright “Whirlwind” has demonstrated its out- 
standing efficiency to such an extent that many commercial interests have 
disregarded the higher original investment and gained their increased 
profits through lower operating expenses throughout the greater life of the 
“Whirlwind” engine. It has frequently been proven that the operation 
expense of a modern air-cooled radial engine is much lower than that of the 
Avar surplus water-cooled type; that its ultimate life is much greater; that 
the differential in first cost is rapidly overcome; and that in the end the 
modern air-cooled engine will prove more economical. Well proved planes 
from the designs of leading American manufacturers, powered with “Whirl- 
wind” engines for every type of flying, including open sport planes, closed 
family and passenger planes, cargo planes, seaplanes, planes that take-off 
from land or water, or big trimotor airliners, as comfortable as a yacht, 
are available. 

To outline in any detail all of the record breaking performances of the 
Wright “Whirlwind” motor requires more space than is available in a book 
of this character but some of the feats performed by pilots having planes 
equipped with this powerplant, as enumerated below were epoch making 
in character and should be mentioned briefly. 

On May 9th, 1926, Commander Byrd and Floyd Bennett flew from 
King’s Bay, Spitzbergcn, to the North Pole and return in fifteen hours and 
30 minutes. A Fokker monoplane, equipped with three Wright “Whirl- 
wind” engines, was used. 

On April 12th, 1927, the Wright-Bellanca cabin monoplane, with 
Clarence Chamberlain and Bert Acosta as pilots, took off from Roosevelt 
Field, N. V., and established a world’s record endurance flight of 51 hours, 
11 minutes and 25 seconds, exceeding the previous record by approxi- 
mately six hours. The plane took off with a useful load of over 2,900 
pounds, including 385 gallons of fuel. 

On May 20th, 1927, Captain Charles A. Lindbergh took off alone from 
Roosevelt Field, N. Y., in his Ryan monoplane, “The Spirit of St. Louis,” 
and landed at Lc Bourget Airport, Paris, France, 33 hours, 29 minutes and 
30 second later, having covered a distance of 3.610 miles. 381 gallons of 
fuel and 11.8 gallons of oil were consumed in this flight. 

On June 5th, 1927, Clarence Chamberlain, with Charles A. Levine as 
passenger,,, completed a nonstop flight from Roosevelt Field, N. Y., to 
Eisleben, Germany, a distance of 3.905 miles, in about 43 }^ hours. The 
Bellanca monoplane which had previously established a world’s endurance 
record, was used for this flight. 

On June 29th, 1927. Lieutenants L. J. Maitland and A. F. Hegenberger 
completed a nonstop flight of 2,400 miles from Oakland, California, to 
Oahu, Hawaiian Islands, in 25 hours, 50 minutes. A Fokker monoplane 
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Army transport, equipped with three Wright “Whirlwind” engines, was 
used for this flight. 920 gallons of fuel and 21 gallons of oil were consumed 
by all three engines. 

On June 29th, 1927, Commander Byrd, accompanied by Bert Acosta, 
G. O. Noville and Bernt Ralchcn, took off from Roosevelt Field, N. Y., in 
a Fokker monoplane with three Wright “Whirlwind” engines, for Paris. 
After arriving over France, they were unable to locate Paris due to low- 
lying clouds and heavy rain. Turning back towards the coast, they landed 
at Ver-sur-Mer, after some 43 hours in the air. 

On July 13th, 1927, Ernest L. Smith and Emory B. Bronte took off from 
Oakland, California, in a “Whirlwind” engined Travel Air monoplane, and 
landed on the island of Molokai, Hawaiian Islands, 25 hours and 36 minutes 
later. In this nonstop flight, 2,348 miles were covered. 

In the National Air Tour, June 27th to July 12th, 1927, Edward A. 
Stinson, in a Stinson monoplane with a “Whirlwind” engine, won first place 
with a score of 97% of the possible maximum. This plane attained a high 
speed of 124.3 miles per hour with 1,500 pounds pay load and a total of 
2,275 pounds useful load. This tour of over 4,000 miles, covered eighteen 
states and one province of Canada. Twelve of the fourteen planes compet- 
ing were equipped with Wright “Whirlwind” engines. 

On December 13th, 1927, Colonel Charles A. Lindbergh flew from Wash- 
ington, D. C., to Mexico City, Mexico, in his Ryan monoplane, “The Spirit 
of St. Louis,” as the initial flight of a goodwill tour of the Pan-American 
countries. Exactly two months later, February 13th, 1928, Colonel Lind- 
bergh arrived safely in St. Loins, after having \isited seventeen cities in 
fourteen countries and having covered 9.300 miles. Starting New Years 
Day, Jan. 1st, 1929 a Fokker “Whirlwind” trimotor monoplane, in charge 
of Major Carl Spatz of the U. S. Army remained in the air for 154 hours 
and 40 minutes, breaking all world’s records for extended flight for any 
type of aircraft. 

This chapter, which has been reproduced from the makers instruction 
manual through their courtesy is included in this treatise with the inten- 
tion of providing the necessary instructions for operating and overhauling 
Wright “Whirlwind” engines, which are so widely distributed, and which 
have so many records to their credit. 

It is intended primarily for the use of those in charge of a number of 
engines but it covers the whole field. The airplane designer will find infor- 
mation helpful in providing the best installation in the chapter to follow on 
that subject, the pilot will find instructions for handling the engine and the 
hangar men will find hints on its daily care. Perhaps the greatest attention 
has been given to the chapter on disassembly and inspection. The methods 
followed were decided after careful consideration of factory procedure 
and conditions in the field. Particular emphasis is given to instructions on 
some points which may appear to the reader to be of small importance. 
However, great care has been taken not to stress anything unduly. When 
small matters have been made very prominent it is because experience has 
dictated that these points must be given especial care. It has been as- 
sumed that the mechanic who does the work will be fully acquainted with 
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the grade of workmanship necessary for aviation engine repair, hence there 
is no reference to elementary* points of craftsmanship. For further assist- 
ance, or for explanation of points not found to he fully covered, application 
should he made to the company's Service Department by writing the 
Wright Aeronautical Corporation, Paterson, N. J. 

Wright “Whirlwind” J4A Engine. — Some years ago, through the fore- 
sight of Commander B. G. Leighton, then in charge of engine development 
for the Navy, the Bureau of Aeronautics gave the Lawrance Company an 
experimental contract for the development of a small nine-cylinder engine, 



Fig. 554. — Wright “Whirlwind” J5 with Enclosed Valve Gear Viewed from the Rear. 

using the cylinders developed for the three-cylinder engine. This engine 
was known as the Jl. A number of these engines were put into Naval serv- 
ice, beginning about six years ago. The Jl was followed successively by 
Ihe J3. J4 and J4A, which were developed by the Wright Company after its 
merger with the Lawrance Company and two recently designed forms the 
J4B and the J5 have also been developed. These engines are now practi- 
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cally standard in the 200 horsepower class, several hundred being now in 
service. To the Navy, therefore, should go the credit of first putting air- 
cooled engines to work in this country, though the Army used thousands 
in its aviation school system in France for training purposes. Owing to 
its use by the Navy and numerous commercial airplane constructors, the 
Wright “Whirlwind” series is probably the best known and most widely 
used of the contemporary radial designs. The J4A type is shown at Fig. 
553 and the improved J5 is illustrated at Fig. 554. This differs from the 
earlier type in numerous detail refinements. The valve gear is enclosed 
and a three-barrel carburetor is used. 

The problem of fuel distribution is an important one in radial engines, 
Various systems of gas distribution have been used. So far, the most 
satisfactory has been three separate three-cylinder induction systems, com 
sisting of circular manifolds with cylinder leads 120 degrees apart, each 
provided with its own carburetor. If a single inlet-valve becomes inopera- 
tive, only three of the nine cylinders are affected. This system has the 
disadvantage of considerable weight and complication. A modification has 
been used by the Wright Company in which the three manifolds are con- 
nected to a single double-barrel carburetor in the J4A and there is very 
little more complication in the three-barrel type used on the J5 engine. A 
third system of considerable promise is the rotary distributing system, in 
which a single carburetor is used in conjunction with a small blower from 
which the gas is taken tangentially to the various cylinders. The blower 
not only distributes the gas uniformly, but thoroughly mixes the fuel with 
the air and prevents puddles of fuel from forming in the induction system. 
This system is used in the Pratt & Whitney “Wasp” engine as well as 
the Wright Cyclone, Bristol Jupiter and others. 

The mechanical balance of a radial engine involves the use of counter- 
weights. These are calculated so as to balance the entire weight of the 
connecting rods and the pistons attached to the crankpin. The center 
of gravity of this system travels approximately in a circle about the 
crankshaft so that practically perfect mechanical balance can be secured. 
It has been found that a fair approximation to this method can be secured 
by balancing one-half the reciprocating and all the rotating weight, con- 
sidering it all to be oil the crankpin. With the longer strokes, the travel 
of the center of gravity becomes an ellipse, so that it is necessary to deter- 
mine upon the best circle and to make an approximation of the balance. 
The concentration of all the connecting rod weights upon one crankpin 
results in large counterweights; for example, a 1,650 cubic inch engine may 
require counterweights that weigh approximately 60 pounds. The cut-away 
sectional view of the J5 engine at Fig. 555 shows the construction of the 
counterweights and the big end of the master rod very clearly. 

The design of the master connecting rod, Figs. 555 and 556 involves a 
study of knuckle-pin travel that is particularly interesting. The knuckle- 
pin adjacent to the master rod, which is usually put into the vertical or 
No. 1 cylinder, travels in nearly circular paths, while the pins for rods Nos. 
5 and 6, which are at the bottom, have an ellipselike motion, with the long 
axis nearly at right angles to the cylinder center-line and considerably 
greater than the stroke. To equalize the compression ratio of the various 
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cylinders, it is necessary either to vary the knuckle pin centers with respect 
to the crankpin, or to use different heights of cylinder pads. As the motion 
of certain knuckle pins becomes more and more elliptical the farther re- 
moved they are from the crankpin, an effort is made to keep the crankpin 
^mall and the knuckle pins as close to the center of the pin as possible. 
The master rod necessarily receives considerable bending due to the forces 
applied by the link rods. For this reason it is necessary to make the master 
rod of considerable section in the shank. Due to this condition, trouble 
might be expected from the added sidethrust on the master rod piston. 
No difficulty is experienced from this in practice. 



Fig. 555. — Part Sectional or “Cut Away” View of the Wright “Whirlwind” Engine 
Showing Connecting Rod and Crankshaft Assembly, also New J5 Cylinder 

Construction. 

The general construction of the J4A and J4B engines can be under- 
stood by study of the transverse section at Fig. 557 and the section taken 
through the accessory drive casing at Fig. 558. The construction of the 
|5 “Whirlwind” engine can be grasped by inspection of the oiling chart in 
the chapter on lubrication systems. The dimensioned installation drawing 
at Fig. 559 is valuable in showing how compact this form of powerplant 
is. The table of specifications which follows is furnished by the Wright 
Aeronautical Corporation and gives detailed information regarding the 
three latest forms of “Whirlwind” engines. The J5 is the latest type and is 
the form that has superseded the J4A and the J4B engines. The differences 
in construction are all made clear in the specifications furnished by the 
makers. 
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Wright J5 Features. — The current Wright “Whirlwind” Model J5 
shown at Fig. 560 which shows a front view and Figs. 561 and 562 which 
are sectional elevations is the result of eight years’ intensive development 
on one type of engine without alteration in bore and stroke and without 
changing any basic feature of the original design. 
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new enclosed valve gear gives economy in maintenance, as it keeps the 
dust, sand and moisture from the wearing parts, decreases the variation 
in valve clearance with temperature, and increases the length of time the 
valve gear can go without lubrication by hand. The durability of the valve 
operating mechanism is greatly increased by increasing all the bearing 



Fig. 557. — Transverse Sectional Assembly Drawing of Wright “Whirlwind” Engine 
Models J4A and J4B. Cylinder Construction is Now Different on J5 Engines. 

surfaces, and using the most durable materials known. Many parts of the 
engine, such as the external oil pipe assemblies, have been redesigned for 
increased durability. With straight aviation gasoline, the average fuel 
consumption on production engines has been running between .5 and .55 
pounds per horsepower hour at full throttle, and the fuel consumption 
at cruising speeds is so reduced that a plane can cruise on from eight to 
twelve gallons per hour per engine. All desirable accessories can be fitted 
immediately to this engine, including the Wright engine driven fuel pump, 
any standard type of gun synchronizer drive, any standard starter. A hub 
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for wooden propeller is standard but optional. Priming pump and fittings, 
tool kit, instruction book, magneto switch, the Wright carburetor air intake 
heater and a substantial shipping box are standard equipment. 

It is doubtful if any other engine in the world has successfully under- 
gone such long periods of full throttle endurance testing as the Wright 
“Whirlwind” engine. Three 50-hour full throttle endurance tests were run 



Fig. 558. — Assembly Drawing Showing Section Through Accessory Drive of Wright 
Models J4A and J4B Engines. 

on the first experimental engine alone, in addition to 100 hours of miscel- 
laneous testing. The first full throttle 50-hour test was run at 2,000 r.p.m., 
developing 239 horsepower with a fuel consumption of .508 pounds per 
horsepower hour. The second 50-hour full throttle test was run at 1,800 
r.p.m., developing 216 horsepower with a fuel consumption of .458 pounds 
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per horsepower hour. The tliird 50-hour full throttle endurance test was 
an overload test using an external supercharger and developing 287 horse- 
power at 2,140 r.p.m with a fuel consumption of .504 pounds per horse- 
power hour. Since these tests were run, scoies of these W right “Whirl- 
wind” engines ha\e been tested extensneh . both in flight and on the bench. 
They were first installed in a variety of military planes, and are now being 
daily installed in a wide \ arietv of commercial aircraft. 

Commercial a\ iation owes much to the broad and public spirited attitude 
taken by the U. S. Navy Department years ago in deciding to encourage 
the development of the Wright “Whirlwind” engine along such lines that 
it might be available at reasonable prues for use in commercial aircraft, 
as well as in naval and miltary planes. A detailed description of the new' 
Wright “Whirl wind” Model together with illustrations of parts, operating- 
suggestions and instructions for installation follows. 



Fig. 560. — Propeller End View of Wright “Whirlwind” J5 Engine Showing Enclosed 
Valve Gear and Magneto Installation. 
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TARLK OF SPECIFICATIONS 
For J-IA, .141! and J5 Hn^inc-. 


CENKRAL 

J4A and J4H 

J5 

Average Up. at Nniin.il, R 1* M 

212 14 A 

220 

Type 

220 J4H 
Air-Cooled 

Air-Cooled 

1 Number oi Cvlmders 

f) 

9 

2. linn* 

4 5" 

4.5" 

2 . Slrokc 

5 5" 

5.5" 

4. Piston Displacement 

788 cn in. 

788 cu. 4n. 

5 (A impression Ratio 

5 2 

54 

0 Normal Speed m Revolutions per Mm 

1800 

1800 

7. (iuaraiiteed Brake Hoi srpower, Se.i Level at 
Normal R 1*. M with \vi.ition (lasolme. 

3)0 

200 

X Direction of Rot.itmn of Crankshaft (look me 

Ant i- 

Anti- 

at propeller end of engine) 

Clockwise 

Clockwise 

0. Direction of Rotation of Cam (looking at pro 
peller end of engine) 

( loekvv i -•' 

(lock wise 

10 'radiometer Shaft Speed .. .... 

1 j Ciankshaft 

1 . Crankshaft 

11. Direction of Rotation Tachometer Shaft (look- 

Anti 

Anti- 

ing into open end of t.idi drive) 

Clockwise 

Clockwise 

12. Average weight of engine complete with propel- 
ler lmh, flange and holts, c.uhnielor and two 
magnelos. W ithout oil radiators, tanks, siailmg 
device, gasoline system, propeller, fuel pump or 

generator 

la. Average weight of engine complete with car- 
buretor, two running magnetos, sparkplugs, high- 
tension wiring and synchronizer drives Without 
oil, exhaust pipes, exhaust flanges, starting dc 
vice, fuel pump, propeller huh, llange and holts 
( Propeller huh Assy. LI Ihs additional weight) 
14 Diameter Mountmg Rolf Cirele 

478 Ihs 

10’4" i 

500 Ihs. 

10 Li" 

IS Number of Mounting Holts 

8 Total 

8 Total 

R» Si/e of Mountmg Holts .. 

Ik" 

•>k" 

17 Overall Dimensions: 

307^ 


Overall length of engine Aeiomatine Starter 
Kclipse Starter 


40 V?" 

Overall diameter outside of locker arms 

43 Li" 

45" 

ION mo N 

hS. Magneto Type 

Scintilla 

Scintilla 

10. Direction of Rotation of Magnetos (looking at 

Doth Counter 

Both Counter 

drive coupling end) 

Clockwise 

(lock wise 

20 Magneto Speed 

\% Times 
Crankshaft 

1 T imcs 
Crankshaft 

21. Magneto breaker Point Oap : 

Sphtdorf Magneto 

Scintilla Magneto 

.020"- 024" 

012" 

012" 

22 Sparkplug Point (jap 

( VC ) 

.020"-. 025" 

( B (I ) .015" 

2a Spark occurs crankshaft degrees before top dead 
center 

30° 

Oo 

o 

e 
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GENERAL 

J4A and J4P> 

J5 

VALVES AND TIM TNG 

(With hot or i tinning tappet clearance) 

24. Intake Closes 

60° A R.C. 

60° A. R.C. 

Intake Opens 

8° B T.C. 

8° R.T.C. 

25. Exhaust Opens 

60° R R c. 

60° B.B.C. 

Exhaust ('loses 

8° ATC. 

8° A T.C. 

26. Exhaust Remains Open (Crankshaft Degrees). 

248° 

248° 

27. Intake Remains Open (Crankshaft Degrees)... 

24K° 

248° 

28. Valve Taft 

7 H 

1 (1 

YS 

29. Valve Tappet Clearance (both valves) 

Hot or running clearance . . 

060" 

.060" 

Colrl clearance 

010" 

.040" 

FUEL SYSTEM 

30. Carburetor Type 

Stroinbcrg 

Stroniberg 

31. Carburetor Settings. 

Venturi (ihoke) 

NA-U5G 

nr 

NA-T4 

1 iV." 

Metering let . 

*43 

*51 

Accelerating Well Lore (Upper) 

,7 

14'' 

( I a over ) 

*14 

*14 

Main let Air I Sleet 1 

*53 

*55 

Idle Metering let 

*58 

*60 

Idle Air Bleed 

*50 

*40 

Float Level below parting line 

ur 

1ft" 

32. Guaranteed Fuel-Consumption ■ 

Lbs. per Hp. Hour at 200 lip. and Normal 
R. P. M 

.60 

.53 

33. Correct Pressure on Fuel Supply: 

Lbs per Sq In 

4 

4 

LUBRICATING SYSTEM 

34. Guaranteed Oil Consumption, lbs. per lip 
Hr Not over 

.025 

.035 

35. Correct Oil Pressuie (lbs per sq. in.) at Nor- 
mal R. P. M. at recommended oil temperature.. 

60 

60 

30. Quantity of oil circulated per minute at nor- 
mal pressure and temperature (lbs. per min.).. 

27 

27 

37. Minimum Safe Quantity of Oil in whole system, 
gallons 

2 

2 

38. Maximum Permissible Outlet Temperature oij 
oil under worst conditions 4, 

180° F. 

o 

O 

00 

39. Desired maximum oil outlet temperature in 
normal operation* 

120° F. 

120° F. 

40. Speed of Oil Pump 

Crankshaft 

Crankshaft 

41. Direction of Rotation of Oil Pump (looking at 

Speed 

Anti- 

Speed 

Anti- 

dp ven end of shaft) 

Clockwise 

Clockwise 

42. Hose Connections Required between engine and 
lubricating system : 

Inlet (Inside Diameter 

VaT 


and < 

Outlet (Number of Pieces 

2 

2 
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43. Valve Spring Loading (Plus or minus 10%) : 



Valve 

I-ength 

Closed 

Load 

Valve Open 

Length Load 

J5 

Inner 

U?" 

8 4 lbs 

1 

13 lbs. 

Intermediate 

US" 

13 3 lbs. 

1 ;V’ 

22 4 lbs. 

Outer 

HK" 

20 1 lbs. 

MV’ 

33.0 lbs. 

J4B 





Inner 

1M" 

15 1 lbs 

I. V' 

24 4 lbs. 

( Inter 

lb" 

22 2 lbs 

1 .V' 

37 0 lbs. 


*In1et temperature of oil will be approximately 10° !• lower 


General Description. — The Wright “Whirlwind” aviation engine is of 
the nine-cylinder, air-cooled, static radial type operating on the conventional 
four-stroke cvcle. The bore is 4pj-inch and the stroke 5vj-inch, giving a 
total displacement of 788 cubic inches. The rated power is 200 horsepower 
at 1,800 r.p.m. The normal power at rated speed is 21 2 horsepower for the 
Model J4A and 220 horsepower for the Models J4B and J5. The guaranteed 
fuel and oil consumptions at rated power and speed are .60 pounds per brake 
horsepower hour and .025 pounds per brake horsepower hour respectively 
for the Models J4A and J4B. For the Model J5 these are .53 pounds per 
brake horsepower hour and ,035 pounds per brake horsepower hour. 

Cylinders. — The cylinders of Models J4A and J4P> engines differ but 
slightly in several minor details. Service Instructions giving direc- 
tions for installing J4B cylinders on J4A engines will be found in proper 
sequence. An aluminum alloy head and barrel with cooling fins cast inte- 
grally is served and shrunk onto a steel cylinder sleeve forged with a hold- 
down flange. Eight studs passing through this flange are used to fasten 
each cylinder unit to the crankcase. The cylinder head contains two ports, 
the axes of which are at right angles to each other. To the port facing aft 
is attached the induction pipe and to the port projecting in the plane of 
the cylinders is fastened the exhaust stack. Bosses within the ports receive 
the valve guides which are pressed into position. The inlet valve guides 
of all models are of bronze, while the exhaust are of bronze on the J4 series 
and tungsten steel on the J5. Valve seats of bronze are shrunk and ex- 
panded within the cylinder head. There are two sparkplugs per cylinder. 
In the Model J4A cylinder one bronze sparkplug bushing is screwed and 
pinned in the crown of the cylinder head forward of the inlet and exhaust 
ports. Another bushing of the same material is located in the rear side 
of the head with its axis 45 degrees to that of the inlet port. In the 
Model J4B cylinder the two bronze sparkplug bushings are diametrically 
opposite in the sides of the combustion-chamber and at an angle of 45 
degrees to the crankshaft axis. (Note: — The terms “right” and “left” 
refer to the view point of an observer facing the rear of the engine.) The 
sectional view of a portion of the cylinder and cylinder head at Fig. 563 
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shows the method of securing the alloy head to the steel cylinder very 
clearly. The view at Fig. 55(> shows the earliest type of cylinder construc- 
tion, in which a long ribhed head casting is employed. 

The Model J5 cylinder whit'll is shown at Eig. 5fG consists of a head 
with thirteen fins cast in aluminum allo\ screwed and shrunk onto a forged 
steel barrel having thirteen machined tins and the hold down flange. The 



Fig. 561. — Transverse Sectional View of “Whirlwind” Model J5 Engine Showing 
Improvements in Cylinder Construction and Valve Gear. 
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combustion-chamber of this cylinder is approximately hemispherical with 
ihe valves inclined to the axis of the cylinder at angles of 35 degrees. The 
sparkplugs are located similarly to those of the J4B but at an angle of ten 
degrees to the crankshaft axis. There are no bushings, the plug being 
screwed directly into the aluminum cylinder head in the latest models 
though a bushing is shown in this illustration. 

Crankcase. — The crankcase assembly is built up of five aluminum alloy 
castings held together by studs and nuts in generous quantity as shown 
at Fig. 561. The front section and nose plate include the thrust bearing 
housing, brackets for the magnetos and the magneto and cam driving gears. 
'The intermediate section contains the cam and vahe tappet mechanism and 
the front main crankshaft bearing housing. The main section is provided 
with the cylinder pads and contains the rear main crankshaft bearing hous- 
ing and the induction passages. The rear section contains drives for the 
fuel pump, oil pump, gun synchronizers and tachometers. It also provides 
a mounting for the engine starter and a housing for the main oil strainer. 

Crankshaft. — The crankshaft is of the single throw' counter-balanced 
tvpe machined from a chrome nickel steel forging and finished all over as 
.show'll at Fig. 564. It is hollow throughout its length and is used to dis- 
tribute oil to all parts of the engine. 'The counterweights are bolted to 
extensions of the crank cheeks. 'The shaft rules m four bearings — the ball 
thrust bearing, the two mam roller bearings, and a plain bearing in the rear 
section where the oil is admitted. The photograph shows the shaft and 
those parts v Inch are assembled with it in the engine. Starting from the 
rear end these are the starter dog, accessories dri\e gear, retaining nut, 
oil stinger, rear bearing, front roller bearing, oil slinger (not visible), spac- 
ing ring (not visible), earn, earn drive gear, spacer, oil slinger, thrust bear- 
ing, oil slinger, thrust bearing nut, propeller hub key and propeller hub 
inner nut. 

Valve Operating Mechanism. — On all “Whirlwind” models the cam is 
located in the intermediate section. It consists of a hardened steel ring 
with eight lobes on the outside and an internal gear cut on the inside. This 
is riveted to an aluminum hub riding oil a steel sleeve on the crankshaft. 
The cam is rotated at ' ,s crankshaft speed in the opposite direction by a 
pinion on the cam and magneto drive shaft. The cam followers arc of the 
conventional roller type and operate in cast iron ( J4 scries) or forged steel 
bushings (J5) which arc a push lit in the intermediate section casting. The 
upper ends of the followers contain hardened steel sockets into wdiich the 
lower push rod balls lit and in the lower ends are rollers wdiich ride on the 
cam. The Model J4A and J 4 1 > push rods are equipped with a tappet clear- 
ance adjustment on the upper end, while those of the Model J5 are plain 
pieces of specially heat treated nickel steel tubing w ith balls pressed into 
either end. The J5 upper balls tit into hardened steel cups which are a loose 
lit inside the tappet clearance adjusting screws. The J4A and J4B rocker 
arms are carried in fotked supports of forged steel. The J5 valve gear is 
emi-enclosed, the rocker arm housing also forming the support for the 
rocker arm pin. Tubular steel push rod housings are fastened at one end 
" the intermediate section and to the rocker arm housing at the other. 
Pressed aluminum covers are used on the rocker arm housings. The J5 
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cylinder and valve gear disassembled is clearly shown at Fig. 566. 

Connecting Rods. — The connecting rods consist of one master rod and 
eight link rods machined from chrome nickel steel forgings. The master 
rod is provided with a steel backed babbitt lined bearing while the knuckle 
and wristpin bushings of the link rods are of bronze. The photographs at 
Figs. 555, 556 and 567 show the relationship between the parts very clearly, 
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the last mentioned having two link rods in place on the master rod. 

Pistons. — The Model J5 pistons are of the conventional type cast in 
aluminum alloy. The inside of the head is heavily ribbed to obtain in- 
creased strength and to improve the cooling. There are two compression 
rings and one oil scraper ring above the pin and one compression ring at 
the bottom of the skirt. A groove around the piston just below the scraper 



Fig. 563. — Cut Away Section to Show Construction of Wright “Whirlwind” J5 

Cylinder. 

ring and holes drilled through the wall return the oil to the inside of the 
crankcase. The piston skirt is provided with a series of shallow oil grooves 
to improve lubrication. The Model J4A and J4B pistons are of the same 
type, but without the ribs under the head or the oil grooves. The wrist- 
pins are of generous size machined from alloy steel stock and oil hardened. 
Aluminum alloy plugs in the ends prevent scoring of the cylinder walls. 
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Valves and Springs. — On Models J4A and J4B the intake valves are 
of tungsten steel and are of the mushroom type. The exhaust valves are 
of the tulip type in Sdchrome steel. The Model J5 intake and exhaust 
valves are both of the tulip type and are of low tungsten and cobalt chrome 
(or high tungslen) steels respectively. The exhaust valves on the Model 
J5 are salt filled and sealed at the lop with hardened plugs. The valve 
seats are annular rings of aluminum bronze of rectangular cross section. 
They arc first shrunk into the cylinder head and then the small shoulder 
provided at the top is rolled over into an annular recess in the valve port to 
hold them positively in place. The valve springs on the Models J4A and 
J4B consist of two concentric helical coils of round steel wire per valve. 
The Model J5 has three springs per valve. 



Fig. 564. — Crankshaft of J5 Engine Showing Relationship of Parts as Assembled in 

the Engine. 

Ignition. — Ignition is furnished by two Scintilla AG9D magnetos 
mounted on the front section of the crankcase as clearly shown in cut away 
view at Fig. 568. The right-hand magneto fires the front sparkplugs (top 
plugs J4A) and the left-hand magneto fires the rear sparkplugs. The 
wiring is of the heavily insulated high tension type and is largely enclosed 
in metal manifolds. 

Fuel Pump. — The Wright fuel pump is of the Viking internal gear type 
as shown at Fig. 569. This consists of an engine driven internal gear 
meshing with a emit ex gear which rides on a pin fixed in the pump cover. 
A crescent shaped boss on the cover fills the space between the two gears 
opposite the point of contact. Fuel is taken in at the connection on the side 
near the pressure relief valve, carried around in the gear 270 degrees and 
discharged through the connection near the bypass relief valve. The pres- 
sure relief valve, which is covered by a domed cap, can be adjusted to give 
any desired pressure in the discharge line. It consists of a plunger valve, 
a spring, an adjusting screw and a lock nut. The excess fuel coming 
through this valve comes out of the connection between the bypass relief 
valve and the mounting flange. (This connection can also he made at the 
opposite end of the same passage.) A bypass valve between the inlet and 
outlet passages enables the operator to pump fuel to the carburetor with 
the hand pump without forcing it through the gears. It is covered by a 
flat brass cap. The Stromberg NA-U5G carburetor is used on the Models 
J4A and J4B. It is of the double barrelled type and equipped with a me- 
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chanical economizer. The NA-T4 three barrelled carburetor is used on 
the J5 and will be fully described later in this chapter. 

Induction System. — The carburetor is fastened to an oil jacketed mani- 
fold at the bottom of the crankcase main section. In the case of the double 
barrelled carburetor this manifold splits the two streams of vaporized fuel 
into three, and for the three barrelled carburetor it provides three un- 
broken passages as shown at Fig. 561. The rear of the crankcase main 
section contains three annular rings, each of which supplies fuel to three 
cylinders through steel intake pipes. The fuel is fed into the three rings 
through the branches of the manifold described above. As observed from 
the rear of the engine the left-hand passage supplies cylinders 2, 5 and 8, 
the middle passage supplies cylinders 1, 4 and 7 and the right-hand pas- 
sage supplies cylinders 3, 6 and 9. 



Fig. 565. — Rear or Accessory Drive Section of Wright J5 Motor Disassembled. 


Lubrication System. — The lubrication system is of the full pressure type 
except for the cylinder walls, wristpins and accessories drive gears, which 
are lubricated by splash. Oil is carried in an external tank, not furnished 
with the engine. The oil is drawn from the bottom of the tank by the pres- 
sure pump and delivered to the annular groove around the rear (plain) 
crankshaft bearing at which point it enters the crankshaft. The crankshaft 
is drilled to supply oil to the connecting rod crankpin bearing, to the cam 
bearing and to passages near the front end of the crankcase which lead to 
the magneto drive bearings. Holes through the connecting rod bearing 
shell convey the oil into passages which carry it into the knuckle pins and 
thence to the knuckle pin bearings. The various gears, shafts and bearings 
in the crankcase, rear section, are lubricated by oil uhich sprays from the 
rear crankshaft bearing. Passages in the front section lead oil to the cam 
drive shaft and magneto shaft bearings, the spray from these and the cam 
hearing being utilized to lubricate the gears and valve tappets. Cylinders, 
pistons and piston pins are lubricated by spray from the crankpin bearing. 
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Rocker arm pins are provided with “Alemite” grease gun connections. 

Accessories. — The crankcase rear section is fastened to the rear wall 
of the crankcase main section by five studs and two bolts. It contains the 
oil pump, oil strainers, oil pressure relief valve, fuel pump, gun synchro- 
nizers and the starter mounting pad. The photograph at Fig. 565 shows the 
rear section completely disassembled with the parts arranged to show their 
relationship to the assembly. Similar illustrations of the fuel and oil pumps 
will be found at Figs. 570 and 571, the latter showing the parts of the Viking 
fuel pump. 

The crankcase rear section as shown at Fig. 561 is provided with a 
standard Army and Navy starter pad. Any one of several types of starters 
can be supplied at the option of the customer. 



Fig. 566. — Wright Model J5 Cylinder and Valve Gear Disassembled. 


The Wright Hand Starter was of the worm type with a gear ratio of 
six to one. (It was also supplied with a fifteen to one ratio for larger en- 
gines.) Running through the starter is a splined shaft, one end of which 
fits into the engine crankshaft. The other end holds a spring loaded clutch 
and a bronze housing carrying on one end of the starter worm gear, which 
engages with a worm on the hand crankshaft. The starting magneto, which 
is an integral part of the device, is also driven by the starting crank through 
gears. In starting, the worm is brought into contact with the worm wheel 
by pushing on the small rod beside the starting hand crank. Turning the 
crank then brings the worm into full engagement and further turning 
rotates the engine crankshaft. When the engine starts the worm is thrown 
out of engagement and slides along the cranking shaft to an inoperative 
position. The disengagement of the worm does not throw the starting 
magneto out of gear so it can be kept in operation by turning on the hand 
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crank until the engine has picked up enough speed to fire regularly on the 
running magnetos. The starting magneto is designed to operate in con- 
nection with a “trailing brush” on the running magneto which gives a 
greatly retarded spark, reducing the possibility of a “kick back” to a mini- 
mum. Should this occur, however, the engine and starter are protected 
against damage by the clutch which is designed to slip in such an emer- 
gency. An external ratchet on the cranking shaft positively prevents the 
crank from turning backwards. All parts are thoroughly lubricated by 
pressure feed from the engine oiling system. This starter is no longer 
supplied so the description given is intended to apply to those forms which 
have been produced heretofore. 

“Whirlwind” Engine Troubles. — Determining the cause of engine 
troubles is at times rather involved on account of the number of sources 
to which a given symptom may be attributed. The best method of “trouble 
shooting” is to first decide on the possible causes and then eliminate them 
one by one, starting with the most likely. This table of the commonest 
troubles and their causes is submitted to the service men with the object 
of reducing wasted time and increasing the reliability of the “Whirlwind” 
engine. 

If Engine Fails to Start it may be due to any one of the following 
causes: — 1. Lack of Furl. Examine fuel supply, shut olT cocks, traps, strain- 
ers and hose connections. 2. Under Priming or Over Priming. See instruc- 
tions on starting. 3. Booster Magneto Defective. Examine and test the 
starting magneto. 4. Throttle Opening Incorrect. The throttle should be 
approximately one-eighth open while starting. 5. Defective Ignition Wire. 
Examine ignition wiring for wear, breaks and incorrect connections. 6. 
Dirty Sparkplugs. Check sparkplugs for proper functioning. Clean and 
set gaps (B.G., .015-inch; A.C., .020-inch to .025-inch). 7. Incorrect Valve 
Tappet Clearance. Check the valve tappet clearance. 8. Incorrect Timing. 
Check valve and ignition timing. 0. Water in Carburetor. Remove a plug 
from the bottom of the carburetor and drain out gas and water. 10. Cold 
Oil. With the ignition switches off, turn the engine over by hand. If it is 
very stiff it will be necessary to heat the oil before starting. 11. Magneto 
Breaker Points. See that the magneto breaker points are clean and have 
the proper gap (.012-inch). Test spark delivered by magneto. 12. Miscel- 
laneous. Examine the engine carefully for unusual conditions, turning over 
slowly by hand. 

Low Oil Pressure or none at all may be caused by: — 1. Lack of Prim- 
ing. Disconnect the oil suction line and fill the pump with oil. Turn engine 
over by hand until oil is sucked into pump. Check oil supply. 2. Leak in 
Suction Lines. Examine the oil suction lines for air leaks. 3. Dirt in Oil 
Screen. Remove and clean the oil strainer. 4. Oil Pressure Relief Valve. 
Examine the oil pressure relief valve and spring for proper seating or 
breakage. 5. Gun Synchronizers or Starter Dog Removed. The gun syn- 
chronizers are on the main oil. line and if removed should be replaced with 
dummy parts (No. 18,828). The same is true of the starter dog which 
should be replaced with part No. 19,987 and the retaining screw (J5 No. 
19,712 or J4B No. 17,177). 6. Crankshaft Plug Out. Remove a cylinder and 
examine the crankshaft plugs. 7. Excessive Bearing Clearance. A bearing 
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may he worn enough to cut down the pressure in which case an overhaul 
will he necessary . 

Crankcase Filling with Oil is usually caused hy lack of priming in the 
discharge pump. Disconnect the main discharge line from the engine and 
put on a two foot length of garden hose. Feed oil into this hose while turn- 
ing the engine backwards until a quart or so has been sucked in. Check 
oil pumps, strainers and lines for failures or stoppages. 





Fig. 567. — Master Connecting Rod and Link Rods Showing Method of Locking 
Knuckle Pins in Place in J5 Engine. 

Engine Runs Unevenly and does not come up to power. The full throttle 
speed of the engine will \ ary 75 to 100 r.p.in. under different atmospheric 
conditions. It will also vary considerably with the condition of the pro- 
peller. Therefore the engine should not he considered low on power unless 
the drop in speed is excessive under similar conditions. Low power and 
uneven running may he traced to any of the following causes : 

1. Rich or Lean Mixture. Make sure the mixture control lever is in the 
best position. 2. Leaks in Induction System. Examine the intake pipes for 
cracks and for leaks at the cylinder and crankcase connections. Examine 
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i he carburetor and manifold flanges for tightness. Examine pipe plugs in 
,'vlinder inlet ports to sec that they are all tight. 3. Sparkplugs. See that 
t i 11 the sparkplugs are clean and that they have the proper clearance. 

4. Valve and Valve Gear Trouble. Check valve tappet clearance, springs, 
washers, rockers arms, and push rods. Be sure the push rods on J4 series 
engines have not been interchanged. The cam followers nearer the pro- 
peller operate the exhaust valves. See that the valves are not sticking. 
5. Poor Purl. Make sure the fuel being used is a good grade of domestic 
a\ iation gasoline and that it flows freely to the carburetor. 6. Magneto 
Jlrcakrr Points. See that the magneto breaker points are clean and have the 



Fig. 568. — Cut Away View of Wright J5 Engine Magneto Installation and Cylinder and 

Piston Construction. 

l>n>]>cr gap (.012-inch). Check operation of magnetos. 7. Pngine Over- 
heating This may be caused by items 1, 2, 3, and 5 above. It is easily 
recognized by the fact that the engine will run at normal speed just after 
J'Hmg and will then slowly fall off. Continued running of an engine ex- 
hilnting this symptom is liable to cause considerable damage so an investi- 
gation of the cause should be started immediately. Other causes are im- 
proper cowling, excessive air temperature, thin oil, and insufficient oil 
'ooling. 

It has been noted that a large number of airplane manufacturers do not 
"'Mall a shut-off cock in the primer line near the Lunkenheimer primer 
nrnished with the engine. It is then possible for raw gasoline to be sucked 
’to the engine causing roughness of operation. It is also possible for the 
Lakage to be severe enough to cause dripping at the carburetor. The shut- 
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off cock should be installed in the line near the primer and should be pro- 
vided with a right angled handle which in the “off” position will extend 
across the primer handle. 

Excessive Oil Temperature may be caused bv: — 1. Insufficient oil cool- 
ing. 2. Insufficient oil supply. There should be at least two gallons of oil 
in the system. 3. Low grade oil. See that the oil being used is up to speci- 
fication. 4. Suction pump failing to scavenge oil properly from crankcase. 
Examine all oil lines for leaks. 5. Overheated Hearing. If the trouble is 
not found after an investigation of 1,2 and 3, a bearing may be overheating, 
in which case a disassembly will be necessary. 

Carburetor Leaking. — Because of the fire hazard the engine should not 
be run if the carburetor leaks gasoline excessively. This may be caused by 
1. Leaky float. 2. Stuck float. 3. Poor seating of needle valve. 4. Wear of 
float fulcrum pin. In any case the carburetor should be removed and 
checked over. If the float has been leaking the gasoline should be removed, 
the hole soldered, and the float immersed in hot water to test for tightness. 
The needle valve seat should be removed the valve lapped ill with fine 
compound and the assembly tested for tightness and float level. 

Cold Weather Cautions. — Under unusual weather conditions it may 
become necessary to adopt some method of heating the air entering the 
carburetor to prevent the formation of ice at the chokes. Wright Air Heat- 
ers No. 13,732 (J4B) and No. 13.828 (J5) have been found very satisfactory 
for this purpose. Due to the wide variation in engine installation require- 
ments these heaters are furnished without pipe connections. In extremely 
cold weather it will be necessary to preheat the oil before starting. A great 
deal of time can be saved by draining the oil from the tanks as soon as 
operations for the day are concluded and before the oil has cooled off. If 
left in the tank over night it may become so viscous as to require consid- 
erable time to drain off. In cold weather it is also advisable to have some 
sort of lagging on all the external oil lines, especially the drain from the 
intermediate section to the sump. This will result in higher oil tempera- 
ture at cruising speed and will decrease the danger of stoppage due to con- 
gealed oil. A layer of asbestos cord, shellacked and then wrapped with 
friction tape provides very good insulation. Lacking asbestos, several 
layers of ordinary packing cord can be used. 

Inspection Routine. — In order to obtain maximum reliability and serv- 
ice from ‘‘Whirlwind” engines a regular schedule of inspections and over- 
hauls should be maintained. Serious failures very often arise from minor 
causes which a few minutes inspection could have averted. The following 
schedule is suggested. 

Daily Inspection. — Every flying day the following inspection should be 
made. Check all cylinders, one at a time in firing order (1, 3, 5, 7, 9, 2, 4, 
6, 8), as follows : 

Models J4A and J4B. — 1. Does clearance between rocker roller and 
valve stem, on compression stroke, seem normal? 2. Are rockers free on 
shafts and lock wires secure? 3. Are rocker rollers free and lock wires 
secure? 4. Are valves free in guides? 5. Are valve springs and valve spring 
retainers intact? 6. Are rocker support lock nuts tight and are rocker 
rollers central on valve stems? 7. Are sparkplugs tight? 8. Grease rocker 
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shaft with Alemite gun using automobile transmission oil. 9. Oil rocker 
rollers with engine oil. 10. Are ignition terminals secure to wires and 
plugs and is insulation on wires intact? 11. Is compression normal? 

After all cylinders have been checked proceed as follows: — 12. Are car- 
buretor and carburetor manifold tight at securing flanges? 13. Are fuel 
tanks filled? 14. Is oil tank filled? 15. Are magneto ground wires secure? 
16. Are throttle, mixture and magneto controls free throughout their 
range? 17. What is full throttle r.pm.? 18. Is engine operation good on 
cither magneto? 1^. What are oil pressure and temperature? 20. What 
is gasoline pressure? (Should be two-four pounds per square inch.) The 
daily inspection of the Model J5 engine should include items 7, 8 and 10 to 
20 inclusive. 

Twenty Hours. — After every twenty hours of flight the valve gear 
should be disassembled and inspected as follows: — Models J4A and J4B. 
1. Remove push rods and examine balls and ball sockets for wear. 2. Grease 
sockets in rockers. 3. Thrust lower ball ends of push rods in can of heavy 
grease and replace the rods in their proper sockets. 4. Make complete in- 
spection as outlined for each flying day. 

Model J5. — 1. Remove the rocker box covers and make a check of the 
amount of motion of the various parts. If the tappet clearance seems 
normal it should not be disturbed. If any part seems to have too much 
motion, or if the tappet clearance is excessive, the rocker arm and push rod 
should be removed and the cause determined. Check the offending part 
against the maximum allowable clearance as indicated in the charts Figs. 
573 and 574 and replace if this is exceeded or if in the opinion of the operator 
it seems advisable. The figures that are underlined indicate maximum al- 
lowable clearance due to wear before the part must be replaced. 

After the valve gear has been inspected, repaired and re-assembled the 
following items should be checked (all “J” series models except as noted) : 
— 1. On J4 series engines check clearance between rocker rollers and valve 
stems with feeler and reset to .010. l»c sure adjusting hall and lock nuts 
are tight. 2. Arc sparkplug points clean and arc gaps set at proper clear- 
ance ( 020-inch to .025-mch for A. Plugs; .015-inch for lb G. Plugs). 
3. Are nuts on inlet pipe upper flanges tight? 4. Arc inlet pipe packing nuts 
tight? 5. Are cylinder hold down nuts tight? 6. Are fuel strainers clean? 
7. Are fuel lines and connections secure and free from leaks? 8. Is lock 
on gasoline pump pressure adjusting screw secured? 9. Are oil strainers 
clean ? 

10. Drain the old oil from the tanks and lines and flush with kerosene 
until perfectly clean. (Do not use kerosene inside the engine.) Replace 
the lines and put two gallons of clean oil in the tank. Run the engine for 
twenty minutes and then drain out all the oil again. Replace the lines and 
fill the lank with clean oil. Great care should be taken to see that all the 
oil lines are replaced properly and there are no air leaks. Small air leaks 
are apt to interfere seriously with the proper functioning of the lubricating 
system. 11. Oil tanks should be drained and filled with fresh oil. 12. See 
that hand turning gear is well lubricated. 13. Are engine mounting bolts 
tight? 14. Does each magneto get full advance when operated from cock- 
pit? 15. Are magneto breaker points clean and gaps set at .012-inch? 16. 
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Are i neto couplings in good condition? 17. Put four drops of medium 
machine oil in rear magneto oil holes. Fill front holes. 18. Are propeller 
hub lock nuts and propeller hub bolts tight? 19. Check the clearance be- 
tween the rear of the rocker boxes and the cylinder heads and make sure 
it is .031-inch (Engine cold). While this dimension should not vary it is 
extremely important and should be checked carefully. Incorrect clearance 
is very apt to result in failure of the rocker box studs. 

It is advisable to run the engine at part throttle for at least Va or y 2 
hour twice a week in order to keep interior parts Hushed with oil. This 
will prevent the vapor due to condensation in the crankcase from rusting 
steel parts. 

Complete Overhaul. — It is suggested that the compression, as noted in 
Item 11 of the daily inspection, be checked very carefully on each cylinder. 
As soon as one is found to be low it should be removed, the valves tested 
for leakage and the piston rings checked for tension. The valves should 
be ground and the piston rings replaced when necessary. In this manner 
the engine can be kept up to power and speed. It is sometimes very diffi- 
cult to distinguish between a valve which is leaking and one which is 
being held open by a bit of dirt or carbon on the seat. The only way to 
check this out is to run the engnne for several minutes and then try the 
compression again. Experience w r ith “Whirlwind” engines in service has 
indicated that the length of the period between overhauls is limited by the 
tendency of the lubricating system to fill up \\ ith sludge. This is com- 
posed of gums formed in burning the lubricaling oil, carbon, lint and 
substances taken mto the engine through the carburetor or breathers. 
After 200 hours of sen ice the accumulation is likely to become severe 
enough to plug up one of the passages resulting in the seizure of the bear- 
ing whose oil supply is cut off It is therefore recommended that “Whirl- 
wind” engines be given a complete overhaul after every 200 hours of service. 

Disassembly and Inspection. — -After remoxing the engine from the ship, 
mount it on a tilting stand as show n at Fig. 577. The Wright Aeronautical 
Corporation cannot supply this stand but will, upon application, supply the 
name of the manufacturer and blue prints showing the changes which must 
he made to adopt it to the “Whirlwind” engine. If one of these is not 
available a substitute can be made by bolting the iron mounting* plate from 
the shipping box to a suitable wooden stand or the engine can be left 
mounted in the ship. Disassemble the engine in accordance with the in- 
structions that follow. As each part is removed it should be washed in 
gasoline and placed on the inspection bench. 'This should be located near 
the disassembly lloor and where it will receive a good supply of light. A 
drop light is very handy for inspecting the cylinder bores and valve seats. 

A service tool kit shown at Fig. 575 is furnished with each engine by 
the manufacturer. This contains tools sufficient for the general servicing 
of the engine and should be carried in the plane for use in emergencies. For 
completely disassembling and reconditioning the engine, a number of spe- 
cial tools are absolutely essential. These, with others which are not essen- 
tial but are a great convenience, are shown at Fig. 576. A repair depot 
handling any great number of engines should be equipped with a complete 
set. The following instructions for disassembly are presented in as great 
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detail as space permits. In the event that any point seems obscure, it is 
suggested that reference be made to the sectional views of the engine at 
fogs. 561 and 562. 

1 — Propeller Hub. — To remn\e the propeller hub use wrenches WA-110 
and WA-111 which will be found in the service tool kit accompanying the 
engine and shown at Pig. 575. After remoxing the cotter pin, back off the 
outer or larger nut three full turns. Then back off the inner or smaller 
nut until it brings up against the outer nut. Molding the inner nut with 
the wrench as shown at Fig. 578 tighten up on the outer nut until the hub 
comes loose. It can then lie pulled off by backing off on the inner nut. 
\fler removing the hub, the inner nut should be replaced on the crankshaft 
to avoid the possibility of damaging the threads. 1 1 i loosening the nuts and 
the hub, it will be necessary to use considerable force — three or four blows 
with a lead hammer are usually required as at Fig. 577. 



Model* J4-A . J4»B . J>5 


Fig. 569. — Fuel Pump Construction and Clearances of “Whirlwind” Engines Models 

J4A, J4B and J5. 

2 — Ignition System. — After removing the wire terminals from the spark- 
plugs, loosen the clips on the push rod housings and intake pipes and free 
the ignition wires. It is not necessary to remove the clips. Remove nuts 
holding the wire manifold to the intermediate section. Remove the oil 
drain pipe running from the intermediate section to the oil sump. Discon- 
nect the magneto advance rods by unscrewing pin from magneto advance 
'ever. Withdraw" the magneto coupling cotter pin and disengage the 
oupling. Take out the four screws holding each magneto to the bracket. 
Free magneto from dow^els by striking lightly with the hand. Lift off 
magneto and ignition wiring assembly complete. 
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3 — Carburetor. — If it has not already been done, remove the pipe run- 
ning from the oil sump to the oil pump and the main fuel line. Remove 
twelve nuts holding manifold to crankcase and withdraw carburetor and 
manifold. 

A — Priming Lines. — The priming lines should be taken off by removing 
the stuffing nuts on the various fittings. 
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Fig. 570. — Parts of Oil Pump of Wright J5 Aviation Engine. 


5 — Cylinders. — When an engine is to be given a complete tear down the 
following rule should be strictly adhered to: — The No. 1 cylinder should 
be removed last. Failure to do this and lack of proper care will result in, 
broken piston rings, broken pistons and possibly injured cylinders. The 
reasons for this warning and the proper precautions when it is necessary 
to make an exception to the rule are discussed later in this section. The 
aluminum plugs in the “Whirlwind” and “Cyclone” engine knuckle pins 
are a press fit in the pin and should not be removed unless absolutely nec- 
essary. It is necessary to use a new part in replacing the plug in order to 
obtain the required tight fit. 
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Whirlwind J5 Cylinders. — Remove all sparkplug's and rotate the crank- 
shaft until the piston of the cylinder to be removed is approximately on 
top center. Remove the three screws holding the intake pipe flanges to- 
gether, loosen the intake pipe packing nut in ,the crankcase (use tool WA- 
J25) shown at Rig. 576 and remove the intake pipe. Remove two nuts 
holding down the push rod housing packing flange, lock nuts and cylinder 
hold-down flange nuts. Rock the cylinder gently from side to side and 
remove by pulling straight outwards, lie careful that the piston does not 
swing over against either of the adjacent cylinders and that the push rods 



Fig. 571. — Wright J5 Fuel Pump Disassembled to Show Construction of Parts. Com- 
pare this with Assembly Drawing at Fig. 569. 

<>r rocker arm cups do not fall out of the housings. As soon as a cylinder 
is removed the piston should also be taken off to avoid injury in subsequent 
operations. To disassemble the valve gear proceed as follows: — Take out 
die two screws on top of the rocker arm housing and remove cover. Re- 
move cotter pins and castellated nuts from rocker arm pins. These are on 
die outside ends of the pins. With a liber or brass drift, tap the pins out 
of the housing towards the center of the cylinder. 

For removing the valve springs and washers some sort of a jig to hold 
the valves in place is handy. This can easily be made from two pieces of 
wood, one as a base with the other piece (10-inch by 4-inch by 1-inch) 





Fig. 572. — Location of Oil Pressure Regulating Valve of Wright J5 Engine Shown at A. Second Scavenger Pump Screen Position 
Shown at B. Main Oil Strainer and Scavenger Pump Screen Location Shown at C. 
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nailed to it at right angles. The latter should be trimmed so it will bear 
lightly on the valve heads when the cylinder is placed on it and the bottom 
of the sleeve rests on the base. After placing the cylinder on the jig, place 
valve spring tool WA-J26 in position as shown at big. 57 () J» and slip a rod 
through the holes in the housing and the lool. Raising the handle of the 
tool, depress the val\ e spring until the split locks can be disengaged. Take 
off the tool and remove the valve springs and washers. Unscrew the two 
nuts located inside each rocker box and remove push rod and rocker arm 
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Fig. 573. — Valve Rocker and Tappet Section of Wright Model J5 Whirlwind” Engine 

Showing Clearances. 

housing assemblies. Do not disconnect the push rod and rocker arm hous- 
ing assemblies unless necessary. Take off the wire lock rings located near 
the top of each valve stem. Holding the valves with one hand take the 
■wlinder off the jig and place it in a horizontal position on a bench. Remove 
’ alves, taking care that they do not strike the cylinder walls on the way out. 

Whirlwind J4A and J4B. — The order of procedure in taking off the cyl- 
inders of the Models J4A and J4B is the same, but there is considerable 
difference in the detail. After removing the sparkplugs and taking off the 
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intake pipes, the next step is to remove the push rods. This is best done 
by setting a monkey wrench to the proper size to slip over the rocker arm 
and with this to compress the valve spring. The push rod can then be lifted 
out. A convenient method of removing the rods is to first perform the 
operation oil the cylinder which is on the compression stroke and then, 
rotating the crankshaft, follow the firing order (1, 3, 5, 7, 9, 2, 4, 6, 8) around 
the engine. 



Fig. 574. — Clearance Drawing of Cam and Valve Tappet Lower Section of Model J5 

Engine. 

The cylinders can then be removed, proceeding as with the Model J5. 
In disassembling the valve gear the same sort of jig described for the Model 
J5 and shown at Eig. 57 ( 1A is necessary. Place the cylinder on the jig and 
insert the slotted end of tool WA-79 under the shoulders of the rocker arm 
support. When the other end is pressed down, the end of the valve will 
project up through the round hole in the tool and the locks can be removed. 
Proceed as before in removing washers, springs, lock wires and valves. 

If the wristpins are a drive fit when cold they should not be removed 
until the piston has been heated with hot water or steam. They can then 
be driven out with a fiber drift. Failure to heat the piston first may result 
in serious injury to the piston bosses and the-wristpin plugs. 
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To Remove the No. 1 or Top Cylinder without first removing the other 
cylinders proceed as follows: — Set the No. 1 piston on top dead center. 
Remove the intake pipe, the two nuts holding down the push rod packing 
flange and the cylinder hold down nuts. Loosen the cylinder by rocking 
gently back and forth and pull straight out. As soon as it is clear of the 
studs slip the two rods WA-281 into place between the master rod and the 
crankcase studs, one on either side. This will prevent the rod from tipping 
sideways and consequently keep the bottom rings on the No. 5 and No. 6 
pistons from coming up over the ends of the cylinder sleeves and breaking. 
I'he cylinder should be removed very carefully with a straight, steady pull. 
The re-assembly should be performed in the reverse order. 

6 — Nose Plate. — To remo\e the nose plate, take off the lock wire and 
with a spanner wrench unscrew the thuist bearing nut. Then remove the 
nuts and washers and pull off the nose plate. 

7 — Crankcase Front Section. — The studs in the front of the J5 crankcase 
main section extend through the intermediate and front sections holding 
the three together, while two sets of short studs perform the same function 
on the JdH. Remo\e the nuts and pull off the front section. The front 
thrust bearing and the spacer on the crankshaft will come off with it. The 
section can be loosened by tapping lightly on the lower corners of the 
magneto brackets with a lead hammer. The earn drive gear should then be 
removed 'This is keyed to the crankshaft and should be pulled off with 
tool WA-231 shown at Fig. 576. The cam, cam spacer and oil slinger can 
then be lifted off. 

8 — Intermediate Section — After removing the nuts (J4R). reach inside 
the crankcase with the lead hammer and tap lightly on the bottom of the 
intermediate section. This section can then be freed from the main section 
and the roller bearing. 

9 — Connecting Rods. — Cut all the lock wires and remove the cap screws 
and knuckle pin locks. Using tool WA-92 as shown at big. 580 pull out the 
knuckle pins, removing each rod from the engine as its pin is withdrawn. 
In using this tool first run the nut out to the head of the bolt and then 
screw' the bolt down into the pin at least six full turns, bailure to do this 
may result in stripping the threads inside the pin. Run the loose nut down 
until it seats on the puller body and turn up on it with a wrench, withdraw- 
ing the pin. 

10 — Master Rod. — With the long handled socket wrench (WA-189) used 
as show li at big. 581 take out the four master rod clamping screws. Tap 
on the master rod until the two parts separate and can be removed. 

11 — Crankshaft. — Do not under any circumstances remove the crank- 
shaft counterweights. If this is necessary the crankshaft should be re- 
turned to the factory where the assembly can be properly balanced before 
using again. Turn the motor over until the crankshaft is in a horizontal 
position and proceed as follows: — Unscrew nuts and remove starter. With 
a screwdriver take out the screw which will be observed in the center of 
the starter dog. Full out the starter dog. Pull out the accessories drij/e 
gear using tool WA-109. The crankshaft will then be free and should be 
removed by r pulling straight out through the front of the crankcase. 

Take off the nuts holding the rear section to the crankcase, not for- 
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getting the one at the bottom behind the oil strainer, and remove the rear 
section. Remove four nuts and pull off fuel pump. Remove four nuts and 
pull off oil pump. Remove four nuts on each’ and pull out the gun synchro- 
nizers. To disassemble the fuel pump remove the four castellated nuts and 
take off the cover. The two gears can then be removed and inspected for 
wear. Remove the two valves and see that the seats are in good condition. 
The photograph at Kig. 571 shows a fuel pump disassembled. To disas- 
semble the oil pump remove the four long bolts holding the four sections 
together. Remove the four screws holding the tachometer drive housing 
to the oil pump cover. Examine all gears and housings for wear. The 
photograph at Fig. 570 shows an oil pump disassembled. 

Inspection. — When the disassembly is complete and all the parts have 
been washed and laid on the bench a very careful inspection should be 
made. This should consist of a general examination for signs of wear or 
failure and a check of all wearing parts against the clearance diagrams 
shown at Figs. 584, 585 and 586. The question of when a part should be 
replaced is one which cannot be decided by rule and must be left largely to 
the judgment of the inspector. As a guide in this work a list of the maxi- 
mum allowable clearances for all wearing parts is given in underlined 
figures on the clearance diagrams. These figures represent the greatest 
amount of looseness allowable before a given part should be replaced. This 
should not be construed to mean that an)' parts showing less wear are 
satisfactory, as the appearance very often has more to do with a part’s 
condition than the actual dimension. They are suggested as guides where 
looseness is the only consideration. When clearances are found to be 
in excess of those noted by the underlining an investigation should imme- 
diately be started to determine the cause which is very often traceable to 
wear or failure of some oilier part. 'The piston rings should be checked for 
tension by measuring the gap between two corresponding points on the 
ends when the ring is free. If this is less than 34-inch Ike ring should be 
replaced. 

The crankshaft main bearings and thrust bearing should be very care- 
fully inspected for wear or deterioration. Clean each bearing thoroughly 
in gasoline and spin it, listening for any sound indicating uneven running. 
Hold the inner race in one hand and rotate the outer race slowly with the 
other. As each hall passes, inspect for cracking, chipping or corrosion. The 
same inspection should be made on the races. It is ver\ difficult to make 
a good inspection of a roller bearing — the inspector should be guided 
largely by the smoothness of rotation and the amount of play. Roller 
bearings are built with some end play but should have very little radial 
play. Any bearing which is chipped, cracked or corroded, or which is 
excessively loose should be discarded. 

If it is necessary to replace the master rod main bearing or any of the 
articulated rod bearings it is of the greatest importance that the reaming 
be done accurately and the proper alignment obtained. This necessitates 
the use of master and articulated rod reaming fixture WA-224. If this tool 
is not available the rod should be returned to the manufacturer for replace- 
ment of the part. 

The sparkplugs should all be taken apart and cleaned. Emery is a 
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good conductor of electricity, so ctnery cloth should never he used for this 
purpose. Use garnet cloth, sandpaper or a steel scraper. Set the gaps to 
.015-inch. ( \y. (_i. plugs ) by tapping on the outside end of the outer elec- 

trode with a center punch and hammer. If A. C. plugs are being used they 
should be washed in gas, cleaned in an air blast and have the gaps set at 
020-inch to .025-inch. 

Inspect the sparkplug threads in J5 cylinders for signs of wear or 
picking up. The bronze bushings were omitted in this design with the 
idea of improving the running conditions of the sparkplugs and the tapped 
hole in the head substituted. Care must be taken in inserting and remov- 
ing sparkplugs to prevent stripping the aluminum threads. The plugs 
should be selected for smoothness and proper fit of the threads and no plug 
which will not go in without undue forcing should be used. 





Fig. 575. — Service Tool Kit Used for Top Overhaul of Wright “Whirlwind” Engines. 

The fuel pump should be disassembled and inspected for wear. The 
maximum allowable clearances which are shown at Fig. 569 are as follows: 


Internal gear shaft in bearing 006" 

Internal gear m housing 00K" 

Conlev gear on pin 004" 

Contex gear to cover 004" 


Remove the valves and see that the seats are in good condition. Lap if 
necessary. Inspect the packing on the shaft and replace if not in good 
' ondition. Any gas leaking past this goes into the crankcase and dilutes the 
"il. The Contex gear should not project above the end of the internal gear. 
Adjustment to the desired end clearance of .002-inch to .004-inch can be 
made by varying the thickness of the cover gasket or, if necessary, by 
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grinding either of the two gears. 

If their condition warrants it, the cylinder valve seats should be cut, 
using the tools listed for that purpose, and the valves faced off in a grinder. 
They should then be ground and tested for tightness with gasoline. The 
type of stand illustrated at Figs. 587, 588 and 589 are very convenient. 



Replacement of Valve Guides. — If the valve guides in a cylinder become 
worn, allowing clearances in excess of those noted in underlined figures on 
the clearance chart Fig. 573 it is advisable to replace them with new parts. 
By so doing the valves are held straight on their seats and loss of compres- 
sion, leaks and burned valves are avoided. The intake and exhaust valve 
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guides on Model J4A and J4B engines and the intake valve guides on the 
Model J5 engine are of bronze, necessitating the use of counterbores in 
removing them. Set the cylinder up in a suitable machine and run the 
counterbore through the guide, the pilot centering the tool and preventing 
injury to the cylinder. This leaves a shell % , -inch thick which can be 
removed with cape chisel WA-207. Attempts to drive the guides out with a 
drift are very liable to end in their seizure in the bosses necessitating re- 
placement with oversized parts. The J5 exhaust valve guide is of hardened 
tungsten steel and can be pulled out without danger of seizure. The guide 
boss should first be heated for several minutes vith a blow torch applied 
through the valve port. Then puller WA-273 should be put on and the 
guide removed. 



Fig. 577. — Removing Propeller Hub, Model J5 Engine, First Operation; Using Special 

Tool WA-111. 

Method of Replacing Guides, J4A, J4B and J5. — (a) Inspect the hole 
from which the guide has been removed and measure its diameter with in- 
side calipers and a micrometer. The hole should be from .001 -inch to .002- 
mch smaller than the guide which is used for replacement. It will usually 
he found possible to use standard guides for replacement, but if the hole is 
h>und to be mutilated or less than .001 -inch below the O. D. of the guide, 
an oversize replacement guide will be necessary, (b) If it is found nec- 
essary to use an oversize replacement guide, the cylinder guide hole should 
he reamed to a diameter from .001 -inch to .002-inch less than the outside 
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diameter of the guide. In other words, a drive fit of from .001-ineh to .002- 
inch is desired. The reaming operations should be carefully done using the 
reamer pilot bushing WA-283, as it is absolutely necessary to hold to these 
limits. A tighter fit may break the cylinder and a looser fit may allow the 
guide to come loose in service, (c) Insert in the new guide the special drift 
provided (see list below) and tighten drift nut. (d) The valve guide bosses 
should be heated with a blow torch before driving in the guides, (e) With 
a wooden or rawhide mallet, drive home the guide until shoulder seats 
firmly on cylinder. Remove drift, (f) Ream inside diameter of guide with 
finish reamer to give a clearance of .002-inch to .003-inch over the inlet valve 
stem and from .003-inch to .005-inch over the exhaust valve stem on J4A 
and J4R engines, (g) The J5 intake valve guide should be reamed to a 
clearance over the valve stem of .004-inch to .006-inch, (h) The J5 exhaust 

valve guide is ground to size at the factory. The reaming operation is un- 
necessary as the guide will not contract when inserted in the cylinder. 

A complete list of tools for the operation follows: 


TOOLS FOR REMOVING AND REPLACING VALVE GUIDES IN 
J4A, J 4 B AND J5 CYLINDERS 


J4A and J4B 

Intake guide countcrbore 

Exhaust guide countcrboie 

Cylinder Reamer intake and exhaust 005" ovrrxi/e 
Cylinder Reamer intake and exhaust .010" uveisi/c 

Inserting drift intake 

Inserting diift exhaust 

Guide reamer intake 

Guide reamer exhaust 

Exhaust guide puller 

Intake guide counterbmc 

Cape chisel with ik" blade 

Cylinder reamer intake .005" oversize 

Cylinder reamer exhaust 005" oversize 

Cylinder reamer intake .010" oversize 

Cylinder reamer exhaust .010" ovcrsi/c 

Pilot bushing for reamers 

Inserting drift intake 

Inserting drift exhaust 

Guide reamer intake 


. WA-201 

WA-202 
. .WA-205 
.. \VA-20f. 
. WA-209 

. . WA-210 
.. WA-218 
. ..WA-219 
. WA-273 
...WA-2 72 
. . . WA-207 
. . . WA-203 
.. WA-205 
.. WA-204 
. .WA-206 
. .WA-283 
. . WA-275 
...WA-282 
. . . W A-260 


Valve guides J4A and JIB 


Intake standard si/e 18176 

Exhaust standard size 18177 


Valve guides J5 

Intake, Standard Si/e 19362 

Exhaust, Standard Size 19363 


Note: — When ordering oversize valve guides specify si/.c required. 


Check the thickness of the metal above the J4 series rocker arm ball 
cups and replace if this is less than %^-inch ( .078-inch ). An easy way to 
make the measurement is to set a pair of outside calipers at / 2 - inch (.500- 
inch) and with one point located in the bottom of the cup to measure the 
distance from the outside of the rocker arm to the other point with a scale. 
The desired dimension can then be obtained by subtraction. Inspect each 
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push rod ball end for roundness and for signs of contact with the rocker 
on the ball neck. If the rocker has been hitting, the ball end should be 
replaced. 

Assembly. — The successful operation of the engine is absolutely de- 
pendent on the attention given to every detail in inspection and assembly. 



Fig. 578. — Third Operation in Removing Model J5 Propeller Hub Using Tools 

WA-110 and WA-111. 

it should be constantly borne in mind that the slightest neglect on the 
part of inspector or mechanic may result in the failure of the engine and 
die possible loss of one or more liv r es. Cotter pins and lock wires which 
have been badly bent should never be used again. Great care should be 
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taken to prevent dirt, dust, cotter pins, lock wires, nuts, washers and other 
small parts from falling- into the inside of the engine. These might work 
into the gears or oil lines and cause immeasurable damage. If the engine 
is to stand for any length of time before being used, all steel parts, both 
inside and outside, should be covered with oil to prevent rust. Completely 
finish each step in the process of assembling as the work progresses. Do 
not leave a bolt loose or a nut not cottered with the idea of coming back to 
it later on. Never slack off on a nut in order to line up the notch in the 
nut with the cotter pin hole in the bolt or stud. If it cannot be tightened 
sufficiently with reasonable effort replace it with another nut. 



Fig. 579. — Method of Removing Valve Collar Locks of Model J4B Engine with Tool 
WA-79 Shown at A. Removing Collar Locks of Model J5 with Tool WA-226 Shown 

at B. 

Eefore assembling in the engine, all parts should be thoroughly cleansed 
and made free from grit. Wipe with a clean dry rag which is free from 
lint. Do not use waste or tattered rags, pieces of which might be left un- 
noticed inside the engine and clog up pipes or strainers. Remember that 
the engine will turn over a number of times before the oil pump will start 
to furnish the regular supply of oil, therefore coat all bearing surfaces 
with a good supply of standard engine oil before assembling. All studs, 
nuts and parts which are a drive fit should likewise be oiled. In the as- 
sembly procedure following it will be assumed that this has been done 
where necessary. In places where there is the possibility of oil leaking 
out between two machined surfaces, as under the cylinder hold-down 
flanges, it is recommended that the surfaces be coated with soft soap be- 
fore assembling. This should be of good quality and free from lumps or 
foreign matter. Murphy’s Oil Soap manufactured by Phoenix Oil Co., 
Cleveland, Ohio, has been found very satisfactory for this purpose. Soap 
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presents many advantages over the compounds most generally used for 
sealing and is highly recommended. 

For convenience m assembling the engine a list of the various parts 
and the location of their identification numbers is given below. 

Cylinders. The engine number and the cylinder number are stamped on 
the cylinder head over the intake port. 

I 'alves . — The cylinder number is etched on the upper side of the valve 
head. 



Fig. 580.— Removing Wright J5 Knuckle Pins Using Tools WA-92 and WA-168. 


Rocker Boxes . — The cylinder number is stamped over the rocker arm 
l>m boss. 

C rank case ~ The engine number is stamped on the side of the No. 1 cylin- 
der pad and the cylinder number is stamped on the front side of each pad. 
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Crankshaft . — The engine number is stamped in the aluminum plug in 
the front end. 

Master Rod . — The engine number is stamped on top of the front flange. 
The four clamping bolts are numbered and corresponding numbers are 
stamped at the top ends of the four holes. 

Pistons . — The cylinder number is stamped on the top of each piston to- 
wards the front of the engine, and the engine number is on the opposite 
side. 

Link Rods . — The link rods bear the engine and cylinder numbers on the 
front side near the piston end. 

]] r ristpins . — The cylinder number is stamped on end plug in each wrist- 
pin. 

Knuckle Pins . — The cylinder number is etched on the top of each knuckle 
pin. 



Fig. 581. — Removing Master Rod Bolts of Model J5 Using Tool WA-189. 


1 — Crankcase. — After cleaning the crankcase, bolt it securely to the 
assembly stand by at least four good bolts. 

2 — Crankshaft. — If the crankshaft main bearings have been removed 
they should be replaced in their original positions. The manufacturer’s 
names and numbers face the ends of the shaft. The retaining nut on the 
rear end of the shaft should be run up against the bearing and the slinger 
until it is in its original position as shown by the center punch mark on 
the shaft and the lock wire hole in the nut. The lock wire should then be 
replaced. Any plugs which have been removed for cleaning the shaft 
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should be replaced and locked in place with a center punch. The roller 
bearings should then be filled with vaseline and the crankshaft inserted in 
place in the crankcase. 

3 — Connecting Rods. — Tilt the stand so the crankshaft is in a vertical 
position. The two halves of the master-rod bearing should then be put 
back in their places in the two parts of the rod and the babbitted surfaces 
coated with oil. The craukpin .should also be oiled. Place the upper part 
of the master rod in position with the shank protruding from the No. 1 
or top cylinder opening. Place the lower part of the rod in position, mak- 
ing sure the knuckle pin lock plate screw holes are facing up. Replace the 


Special engine ' 



k . i 


Fig. 582. — Removing Crankshaft Gear of Wright Model J5 Using Tools WA-169 and 

WA-132. 

tour clamping screws in their proper places according to the numbers on the 
screws and the rod and turn up with socket wrench WA-189 until the num- 
bers on the screw heads correspond with those on the master rod when set 
up tightl) . it is best to first tighten up all the screws until they are quite 
snug and then to bring them all up to their proper positions, a few degrees 
at a time. This insures a uniform set of the two halves and avoids the 
application of unnecessary strains. The bottom, or rear, screws should be 
wired using the two small holes provided in the rear flange of the rod. 
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It is of the greatest importance that this be clone and done well. 

The link rods should then be put in. Coat the bushing in the rod and 
the knuckle pin with oil and slip the rod into place with the number up. 
Thrust the knuckle pin into position as far as it will go by hand and then 
tap down with a block of fiber or hard wood. The straight side of the 
pin top should be facing the lock plate screw hole. If it docs not seem to 
be in alignment after assembly it can be turned by carefully using a brass 
drift on one side or the other. The rods should all be put in in this fash- 
ion and the pins locked in place with the locking plates and screws. The 
two lower screws should then be wired together and each of the upper 
screws should be wired to the nearer master rod clamp screw. 



ii 1 r . 

Fig. 583. — Removing Crankshaft Main Bearing of Model J5 Engine Using Tool 

WA-175. 

4 — Intermediate Section. — The intermediate section should then be put 
in position and tapped down over the front crankshaft roller bearing. A 
dowel in the face of the main crankcase permits the intermediate section 
to be put on in none but the correct position. The oil slinger, the small 
steel spacing ring, and the cam should next be slid on over the crankshaft 
in the order named. The internal gear on the cam faces the front of the 
engine. The cam drive gear, well oiled, is then tapped into place, the cam 
bearing sliding inside the cam hub and locating itself on the key in the 
crankshaft. 

5 — Front Section. — If the cam and magneto drive shaft has been re- 
moved from the front section it should then l>e replaced. The front section 
should be assembled in place with the long crankcase stud extending 
through the oil drain pipe boss at the bottom (J5). On J4A and J4B 
engines the oil drain pipe is connected at the bottom of the intermediate 
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section. Put washers and castellated nuts on crankcase studs and draw 
up tight. Lock with one wire running all the way around the case. Slip 
the crankshaft spacer and the thrust hearing rear oil slinger into place. 
On J4A and J4B engines this slinger is almost flat, while on the J 5 it is 
spun over in an arc of almost 90 degrees. The front slinger is the same in 
all models. Kill the thrust bearing with vaseline and tap into place. Put 
on the thrust bearing front oil slinger and the crankshaft nut. Tighten the 
nut until the crankshaft has been pulled up into position and the center 
punch mark on the crankshaft comes opposite the locking wire hole on the 
nut. Use tool WA-246. 



Fig. 584. — Accessory Drives of Models J4A, J4B and J5 Wright Aviation Engines 

Showing Clearances. 


6— Pistons and Cylinders. — In replacing the pistons and cylinders, al- 
ways put on the No 1 piston and cylinder first. Cylinders of Model J4A 
and J4B engines should be assembled complete with valves, springs and 
rocker arms before putting them on the engine. Model J5 cylinders should 
have only the valves, springs and washers, leaving the valve operating gear 
until later. If the wristpins are a tight fit the pistons should be heated 
before they are put oil the engine. This can be done with hot water or in 
a small oven of some sort. Hold the piston in position and push the wrist- 
pin into place so the plug ends are flush with the outside of the piston. 
Apply a liberal coating of oil to the piston and the inside of the cylinder 
sleeve. Compress the piston rings with ring clamp WA-244 and slide the 
cylinder over the top rings as shown at Fig. 590. Shift the clamp to the 
bottom ring and slide the cylinder into its proper position in the crankcase. 
Secure with the eight hold down nuts and lock nuts. 

It is perhaps unnecessary to observe that the cylinder cannot be put 
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on with the sparkplugs in their bushings. A very convenient and safe 
system is to have on hand a number of old sparkplug shells which have had 
bits of 60 mesh screen soldered onto the outer ends. The regular plugs 
can be put in the rear bushings and these dummies in the front. This pre- 
vents dirt and chips from entering the combustion-chambers while the 
engine is being assembled and still allows the mechanics to rotate the 
crankshaft freely. Replace the intake pipes as shown at Eig. 591. 


Clearance Drawing 

(Cylinder, Crank pin and 
Bearing Section) 
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Fig. 585. — Cylinder, Crankpin and Bearing Section of Wright Model J5 Showing 

Clearances. 

7 — Valve Operating Mechanism. — On the Models J4A and J4B assem- 
bling the valve gear consists in inserting the push rods in position. The 
inside cam follower (nearer the cylinder) operates the intake valve and 
the outside follower (towards the propeller) operates the exhaust valve. 
The J5 assembly is more complicated. The rocker box and push rod hous- 
ing assembly is put back in position and the nuts and washers are replaced. 
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f)o not forget the spacing washers which go on the two front studs before 
the rocker boxes are put on. On the early engines it is very easy to confuse 
these washers (part No. 19,414) with the washers under the nuts holding 
flown the rocker box (part No. 19,413). They can be identified as follows: 
Part No. 19,414 (under the box) is .031-inch (% 2 -inch) thick and is ground 
on both sides, while part No. 19,413 (inside the box) is .047-inch (% 4 -inch) 
thick and is not ground. Part No. 19,413 is also used at top and bottom of 



Fig. 586. — Magneto Drive Section of Model J5 Engine Showing Clearances. 

the rocker box springs. On the later engines spacer No. 20,313 is used in 
place of the two washers No. 19,414. The packing nut at the top of the 
housing should be adjusted to give .031-inch clearance between the rear end 
of the rocker box and the cylinder pad. The push rod ball ends should then 


1192 


MODERN AVIATION ENGINES 


be dipped in oil (preferably 600W) and the rods inserted in the housing. 
Then the rocker arms are assembled in place. Be sure the hardened steel 
push rod ball cup is in place. If the cups are coated with heavy oil on the 
outside before inserting in the rocker arm they will stick in place and much 
annoyance will be avoided. The castellated nut which locates the rocker 
arm pin in the housing should be turned up until it is snug and cotter pinned 
in place, lie sure this nut is tight as it clamps the thrust washers against 
the steel bushing on the rocker and injures the proper bearing of the rocker 
arm. 



Fig. 587. — Grinding Valves and Cutting Valve Seats of Models J4A and J4B Using 
Tools WA-221, WA-7 and WA-140. 


Inspection and Assembly of Valve Springs. — It has been noted in the 
factory that in assembly it is possible for the intermediate valve spring to 
ride on the shoulders of the upper and lower valve washers rather than to 
slip into place inside. This causes the spring to bottom when the valve 
is in the full open position and may result in failure of the valve or valve 
washer. It is essential that all J5 Series engines now in service be checked 
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*or this defect, proceeding as follows: — (a) Remove the rocker box covers 
.ind the front set of sparkplugs. (1>) Check the tappet clearance in ac- 
rordance with Service instruction No. 35. (c) Rotate the propeller until 

the exhaust valve on No. 1 cylinder opens. Ascertain the opening and 
(losing positions and set the propeller so it is half way between the two. 
The roller will then be riding on the high point of the cam. (d) Loosen the 
clamping screw on the end of the rocker arm and turn down on the valve 
clearance adjusting screw until the springs bottom. Note the number of 
divisions on the rocker arm which are passed by the arrow on the adjust- 
ing screw. ( Each division is equivalent to .005-inch motion of the valve). 



Fig. 588. — Method of Using Tool WA-274 to Grind Model J5 Valves. 


fe) The val\c will normally move from .060-inch to .070-inch in which 
< ase the adjusting screw should be returned to its original position. If it 
is impossible to turn doAvn on the adjusting screw more than .020-inch the 
intermediate spring is not in position and should be corrected, (f) This 
1 an usually be done by moving the propeller until the valve closes and then 
working the intermediate spring around with the point of a screwdriver. 
R will usually snap into place with a very noticeable noise. If it cannot be 
'lone in this manner it will be necessary to remove the rocker arm and the 
apper washer. As soon as the spring is in place, check the valve motion 
'is before, (g) Check the springs on the No. 1 intake valves; then proceed 
»n around the engine, taking the valves in order so none will be missed, 
fh) Check the tap]x*t clearance in accordance with previous instructions, 
hi assembling an engine after overhaul this should be checked when the 
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valves and springs are replaced in the cylinders. With no rocker boxes 
to interfere it is quite easy to thrust the point of a screwdriver under the 
top or bottom of the outer spring and obtain a good view of the inter- 
mediate spring. 

Valve Operating Mechanism Adjustments. — Reports from the field 
seem to indicate that the operation and maintenance of the valve gear on 
the J5 Series “Whirlwind” engines is not thoroughly understood. Further- 
more. since a number of engines of this series have been in service for a 
considerable time, additional points of interest relative to upkeep bas e been 
brought out. Consequently it has been found advisable to issue this service 



Fig. 589. — Method of Using Tool WA-269 for Cutting Valve Seats of Wright Model 

J5 Cylinder. 

instruction to bring up to date information for maintenance found in the 
manual. 'The following routine is suggested for checking the valve gear. 
This should be done on one cylinder at a time following the method out- 
lined in Instructions to follow. 

1. After the engine has been in service for twenty hours loosen the push 
rod housing clamping screw and back off on the adjusting* nut until the push 
rod housing is free. With a set of thickness gauges check the clearance 
under rear end of the rocker box. To this value add .005-inch and tighten 
up on the adjusting nut until the increased clearance is obtained. Then 
tighten up on the clamping screw, ft is essential that this be done when 
both the valves are closed to prevent errors caused by the forces set up 
when the valve is opening or closing. 

2. Check the valve tappet clearances in the manner prescribed. Just 
before checking the clearance, the push rod end of each rocker arm should 
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he tapped sharply with a hammer handle to make sure the roller is riding 
on the cam. The cam followers are fitted with very little clearance and 
ire sometimes too tight to lie moved easily with the fingers, necessitating 
tins operation. It has been noted that many operators make curved feel- 
ers .040-inch thick for setting the tappet clearance. This type gauge is very 
handy for checking the clearance. 

3. Every twenty hours the cotter pins should be removed and the rocker 
arm-pin nuts (Part No. 19.115) checked for tightness. This is very impor- 
tant as any looseness on the part of this nut permits the rocker arm pin, 
vJec\c and thrust washers to turn and is apt to cause serious wear in these 
parts. 



Fig. 590. — Showing How Wright Model J5 Engine Cylinders are Assembled on 

Engine. 

4. It is most important to use the correct type of grease in the rocker 
-inns of the “Whirlwind” as many types will become hard and carbonize 
•it the temperature to which they are subjected. Grease containing soap and 
graphite is most objectionable in this respect and should never be used. 
Xntomobile transmission oil has been found satisfactory for rocker arms 
but care should be exercised not to over-grease these parts as the lubricant 
may get on to the hot valve stems and stick the valves by the carbon forma- 
tion. When Uniflow lubricators arc used for long endurance flights, vaso- 
bne is found satisfactory as it flows at the proper rate to give lubrication 
'»r a number of hours. 

It has been noted that the clearance between the ends of the piston 
■mgs w r as omitted on the drawings. This is .008-inch to .011-inch. Replace 
Gien the gap reaches .050-inch. 
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8 — Ignition System. — Replace the ignition system in the reverse order 
of disassembly. 

9 — Timing. — The engine is then ready for timing. The rear face of the 
propeller hub is marked with the proper angles and can be used in this 
operation. When it is not desired to remove the hub from the propeller, 
or when a metal propeller is being used, timing disk WA-138 and hub 
WA-265 are necessary. Put on whichever hub is to be used. Insert top 
center indicator WA-43 into the front sparkplug bushing of the No. 1 or 
top cylinder (rear bushing on J4A and some J4E engines). Set the tappet 
clearance on the No 1 cylinder \al\es at the proper value for timing. For 
all models this is .ObO-inch. Use tool WA-1 ( V. With a piece of sheet metal 
and a pair of shears make a pointer and attach loosely to the engine on the 
two top nose plate studs. 



Fig. 591. — Assembling Intake Pipes and Valve Gear Housings on Wright Model J5 

Engine Using Tool WA-225. 

Remove the cotter pin and loosen the hex nut on the end of the cam and 
magneto drive shaft. This is located in the nose of the engine directly 
above the crankshaft. Remove the breather (J4A and J4I») or the plug 
( J 5 ) located on top of the crankcase front section directly between the 
magnetos. Set the No. 1 piston on top dead center as shown on the 
indicator. Adjust the sheet metal pointer to the No. 1 cylinder T.C. mark 
on the hub. If the timing disc is being used, secure the pointer tightly to the 
engine and make a mark opposite on the disc. Rotate the shaft until the 
intake valve on the No. 1 or top cylinder begins to open. This point is 
best determined by rocking the tappet roller with the thumb and fore- 
finger and noting the point at which it comes into contact with the valve 
end. 

Remove the timing disc or hub, being careful not to disturb the setting 
of the cam. Insert a screwdriver through the breather hole and separate 
the serrated discs, or timing dogs. On the Model J5 the serrated surfaces 
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are between the hub faces of the magneto and cam drive gears, while on the 
1 4 series engines they are located in front of the two gears. Replace the 
hub and turn crankshaft in the direction of rotation until the pointer indi- 
rates eight degrees before the top center mark previously mentioned. En- 
gage the dogs and secure by turning up on the cam drive shaft nut. Check 
the setting of both intake and exhaust valves. As cams are subject to 
flight variation it is probable that when the intake opens at eight degrees 
before top center the exhaust will close at from eight degrees to ten de- 
grees after top center. Whatever this difference is it should be split and 



Fig. 592. — Method of Checking Magneto Timing of Wright J5 Engine Using Tools 

WA-110 and WA-138. 

added equally to both sides so the valves operate at equal angles on either 
sale of top center. When the timing is correct tighten and cotter the cam 
drive shaft nut. Replace the breather cap (J4A and J4B) or plug (J5). 
demove the top center indicator. 

To adjust the magneto timing first set the No. 1 cylinder on the com- 
■ression stroke at 30 degrees before top center as indicated on the hub or 
iming disc. If the valve timing has just been adjusted this is done by tuni- 
ng the crankshaft through approximately one complete revolution. Then 
;wt the magnetos on the No. 1 cylinder with the breaker points just separat- 
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ing. To do this proceed as follows: — Push the coupling towards the mag- 
neto until it disengages from the engine drive gear and rotate until the 
firing point of the No. 1 cylinder is reached. This occurs when the marks 
on the distributor drive gear coincide with those on the casing. The right side of 
the magneto has double marks, while the left side has single. The firing point can 
also be determined by watching through the small observation window noted on 
the photograph until the numeral “1” appears. The exact location of the point 
is obtained by putting a slight tension on a piece of thin paper held between 



Fig. 593. — Method of Checking Valve Timing of Wright Model J5 Engine Using 

Tools WA-110 and WA-138. 

the breaker points. When the points separate and the paper is released, 
hold this setting securely, disengage the coupling completely, and rotate 
until the two pairs of gears engage. Repeat with the other magneto. As 
soon as both are timed, a check should be made to see that the two are syn- 
chronized. Insert pieces of paper between the breaker points and rotate the 
crankshaft until both are released. The difference between the two should 
not exceed one-half of one degree. This operation is illustrated at Fig. 
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>2. Make sure that no paper is left between the breaker points. Cotter 
.iie couplings and replace the distributor blocks and breaker mechanism 
. overs. 

10 — Rear Section. — The rear section should then be replaced. Coat the 
. car end of the crankshaft and the bron/e bearing inside the rear section 
u ith oil and slide the rear section into place. Replace the retaining nuts 
.ind washers. The bottom stud is behind the oil strainer and on account 
of its position is liable to be forgotten. ■ nil the shaft on the accessories 
time gear and tap it into place rotating the accessories gears until they are 
in mesh. Tap the starter dog into place in the end of the dri\e gear and lock 
both in the shaft w ith the long steel screw. Replace the starter. 

11 — Tappet Clearance. — On the J4A and J4I> models the tappet clear- 
ance is set at .010-inch for both intake and exhaust. The adjustment is 
made on the upper end of the push rods Avhcre the ball end shank screws 
into the rod proper. Keep the rod from rotating by means of a wrench on 
the liex provided for that purpose, loosen the lock nut. and then screw the 
hall end in or out until the .010-inch feeler (WA-81 ) becomes a snug fit 
between the roller and the vahe plug ( big. 503). bring the lock nut up 
tight against the rod and then check the clearance to make sure the hall 
end has not rotated w hile being locked. The adjustment on the Model J5 
is quite different, the clearance for both tappets being .040. Loosen the 
i lamping screw on the push-rod end of the rocker arm and with a large 
screwdriver turn down on the adjusting screw until the rocker roller 
touches the vahe plug. Then hack off on the adjusting screw until the 
arrow on top has passed eight di\ isions of the scale on the rocker arm (each 
diMsion is equivalent to .005-inch clearance on the vahe stem). Lock in 
place by tightening the clamping screw'. 

In setting the tappet clearance it is essential that the piston of the cylin- 
der in question be at top center on the firing Stroke. Unless this is done, 
it is quite possible for one of the lappets to he riding unnoticed on the ris- 
ing part of a cam, causing an error in the tappet setting. To avoid the 
possibility of making this error proceed as follows: Turn the crankshaft 
until the valves of the No. 1 cylinder indicate that the piston is on top 
center at the beginning of the suction stroke. At this point both the valves 
will be open and the kc\ \\a\ in the shaft will be facing the No. 1 cylinder. 
If the propeller is mounted on the shaft one of the blades w r ill be in the 
hue of the key way. Then turn the shaft through one complete revolution 
and set the clearances on the No. 1 cylinder in the manner prescribed. 
Maying clone this, turn the crankshaft in the direction of rotation until 
the key way or propeller blade is facing the No. 3 cylinder and set the 
clearances. Repeat on the rest of the cylinders, taking them in the firing 
<’>der (1, 3, 5, 7, 0, 2, 4, 6. 8). 

12 — Miscellaneous. — Replace the carburetor. Replace the oil drain pipe. 
Replace the rocker box covers. 

Installing J4B Cylinders on J4A Engines. — Parts Cancelled (Units per 

hndcr) 13,153 J4A cylinder machining assembly (1) 18,823 Intake pipe 

' 18,012 Ignition wire sleeve (2) 13,001 Ignition wire bracket assy. (1) 

‘ •' 858 Ignition wire tube (1) 18,938 Ignition wire tube (1). Parts Added 
' 1 mts per cylinder) 13,556 J4B cylinder machining assembly (1) 19,561 ln- 
‘ ke pipe (1) 19,677 Ignition wire tube straight (1) 19,562 Ignition wire 
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tube (1 ) 14,941 Lock washer (4) To install a J4B cylinder on a J4A engine 
the following operations are necessary: — 1. Remove J4A cylinder and in 
take pipe in the usual manner. If No. 1 cylinder is changed, great can 
should be exercised in keeping 1 the master rod on the cylinder center line, 
as the piston rings on the other cylinders will catch above or below tin 
cylinder sleeves if the master rod is cocked away from its normal position 
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Fig. 594. — Power and Propeller Load Curves, Guaranteed and Average Actual Values 
of Wright “Whirlwind” Aviation Engines. 

2. Cut Rajah terminal off top sparkplug ignition wire and pull the wire 
back through the ignition wire tube 18,858 to 18/138. 3. For cylinders 
Nos. 1, 2, 3, 4 and 5 thread this wire through the ignition wire manifold 
to the next lower opening. For cylinders Nos. 6, 7, 8 and 9 pull the wire 
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hack throng’ll the next opening above its former location. This will bring 
the wire out just below the front sparkplug in the new cylinder. If all 
cylinders arc being replaced it is possible to shift wires in the distributor 
blocks so that the wire going to the head ping is used for the previous 
cylinder, i.e., No. 6 is used for No. 5 and No. 1 for No. 9, etc. If this is 
done no alterations in wire location in the ignition wire manifold are nec- 
essary. 

4. hit J4A valves, springs, rockers, sparkplugs, etc., to the J4B cylinder 
and install it in a manner similar to the J4A cylinder. Omit ignition wire 
bracket assembly 15,0‘d in the J 4 f > assembly and lit four lock washers under 
the intake pipe nuts. 5. Thread the ignition wire formerly for the head 
sparkplug through the straight ignition wire tube 1 ( >,f >77, cut it off to the 
proper length and solder on the Ka|ah terminal. 6. Unsolder the Rajah 
terminal ior the rear sparkplug, pull the wire out through the ignition 
wire tube 1X.X5X or IX ‘MX and renio\ e the ignition wire tube. 7. bit the 
ignition wire tube 1T5(>2 m the same location and secure it with the clip 
on the intake pipe X. Kesolder the Rajah terminal to the rear ignition 
wire. ( k Insert push rods and adpist clearances. 10. Run in gradually, 
increasing the speed and load for three hours before thing. 

Wright J5 Carburetor. — The St nun berg Model NA-T4 carburetor fur- 
nished on the J5 engine embodies the same basic principles throughout as 
all Stromberg models and it is advised that a ihomugli study ho made of 
the special chapter explaining Stroinherg Airplane Carburetors, before at- 
temj)tmg to master the details of this particular carburetor. It contains 
complete information on design, construction, opciatiou, adjustment and 
servicing, and assimilation of this information, together with detail refer- 
ence to the sectional drawing will make easy a complete understanding of 
the carburetor. The specification in the carburetor has been evolved after 
a great deal of painstaking effort by all parties concerned m the production 
and operation of the engine and carburetor, and represents the combined 
results of much dynamometer, tonpie stand and flight work. The specifi- 
cation should never be changed unless absolutely necessary, and then only 
when suliicient data are at hand to determine exactly the nature and extent 
ot the change. The specification is given on an aluminum tag riveted to 
the carburetor, and as originally worked out for this engine calls for a 
Mo. 52 mam metering jet and l^j i; -ineh centrin'. 

The NA-T4 Carburetor. — There are in serv ice three sub models of this 
» arhuretor, the NA-T1, the NA-T4A, and the NA-T4IJ. They are all 
essentially' the same, the differences being minor ones. The XA-T41J has 
a revised system of float chamber \enting. 'The NA-T4V is designed for 
use on the pressure side of a supercharger. It has packing glands on the 
•die adjustments and on the operating end of the throttle shaft. The other 
' iid of the shaft is completely blanked off from the outside. All models 
embody a packed gland on the mixture control valve stem. The instruc- 
1 ions following apply to all models of the carburetor with equal force and 

distinction is made among them. The NA-T4 and XA-T4B Models are 
dlustrated in Fig. 595. The Model NA-T4 carburetor has three barrels of 
H^Q-inches actual internal diameter. The lloat chamber is in two parts, 
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one front and one rear of the three barrels, which arc arranged in a row. 
The two divisions of the float chamber are connected together as are the 
two floats so that the net effect of the construction is that of a single float 
chamber with its center in the center of the carburetor. The fuel level in 
the discharge nozzles is thus held constant for any change of position of the 
airplane either on the ground or during normal flight. Each of the three 
barrels acts as a separate carburetor though they all draw from a common 
float chamber. Each has complete separate main discharge and idling sys- 
tems. The throttle valves are all on a common shaft and are, therefore, 
operated by a single lever. 'The three barrels arc balanced together around 
the venturis and this, in conjunction with the common float chamber, allows 
of the use of a single mixture control. The strainer is located at the left 
rear corner of the carburetor immediately in front of the fuel inlet boss. The 
main metering jets are in the bottom of the accelerating well screws and 
are reached by removing the plugs underneath the main discharge bosses. 
The carburetor is particularly designed to gi\e positive and regular opera- 
tion in catapulting, on a rough take-off or when flying in very rough air. 
Both the throttle and mixture control lever operate in a fore and aft direc- 
tion. 

For starting the engine Ihe general practice given in the chapter on 
Strom berg Carburetors is recommended Tt can readily be seen that with 
the low speeds used in cranking, it is much easier to start the idle system 
to functioning than the mam w ell. Tn starting, therefore, the throttle should 
be kept closed, or nearly closed, until the engine fires. 

These carburetors are of the plain tube type and there are no moving 
parts to wear. Once set for the engine, they should function properly at 
all times, unless there is some actual part breakage, stoppage of fuel or 
similar failure. The throttle shafts are of duralumin and are held in brass 
bearings. The float pivot pins are of monel and work in brass bushings. 
There should be no evident wear after several hundred hours of service. 
The range of idle adjustment on these carburetors is in excess of that 
needed to care for any variation in engine requirements, it is effective 
only from extreme idle to approximately 600 or 700 r.p.m. of the engine. 
That is to say, it is intentionally so designed that any specific idle adjust- 
ment required for a particular engine condition will not affect the main 
running range. The adjustment is made by swinging the small lever on 
the quadrant. Care should be taken in making this adjustment. Primarily 
it is, of course, necessary to furnish the engine with the proper mixture to 
insure all cylinders firing at all times smoothly and positively. The ad- 
justment should be made when the engine is warm but the operation cold 
should be taken into account by setting the mixture as rich as possible 
and still fulfill all engine requirements for good operation in a warm con- 
dition. 

As noted above, a separate idling system and, therefore, a separate ad- 
justment is provided for each barrel. The barrels or manifolds are at no 
point inter-connected above the throttle and each barrel, therefore, feeds 
three cylinders separately and distinctly. The manifold arrangement is such 
that the left barrel feeds cylinders 2, 5, 8, the center barrel, cylinders 1, 4, 7 
and the right barrel the remaining three. This arrangement spaces evenly 
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the pulsations or air flow periods in each barrel. Utilization of this knowl- 
edge is essential in obtaining a correct idle adjustment. It is not nccessarv 
that the exact cy Under numbering and carburetor barrel relation be known 
It can easily be determined by observing the effect of the different adjust- 
ments when the engine is idling. To do this, set all of the idle adjustments 
as lean as possible, still maintaining an evenly firing engine. Then throw 
one adjustment into the full rich or nearly full rich position. Note care 
fully the cylinders which show a heavy black smoke in the exhaust with in 
dications of uneven tiring. These cylinders will be separated by threes; for 
example, they will be 1, 1 and 7. Adjusting this idle back to the lean posi- 
tion, give the engine time to “clear out” and repeat with another adjust- 
ment. ft is not necessan to check the third adjustment as this will, of 
course, affect the remaining three cylinders All of the idle adjustments 
operate in the same direction, that is, they all turn to the right or clockwise 
to richen and to the left or anti-clockwise to lean the mixture. 

The carburetors should at every opportunity be checked carefully to see 
that all parts, screws and connections are tight and that all controls are 
functioning properly. The fuel strainer in the carburetor should be cleaned 
regularly. It is possible for minute particles of dirt to lodge between the 
float needle and seat and cause the carburetor to flood. Sometimes this 
flooding can be stopped by tapping the carburetor with some soft instru- 
ment or tool (such as a rawhide mallet or wooden screwdriver handle). Or 
the carburetor can be Hushed out by removing one of the bottom plug's m 
the float chamber or one of the plugs beneath the main discharge mizzles. If 
the carburetor shows persistent flooding, it should be removed, the halves 
separated and the cause located. 

Carburetor Overhaul. — As noted under “bench Inspection,” in Chapter 
X the carburetor at any time it is deemed necessary, may be partially' dis- 
assembled and given a thorough inspection to determine its condition. It 
is recommended that tins be done in all cases of doubt. The operation of 
the engine depends to such a large extent upon the carburetor that its 
condition should be kept at all times as nearly perfect as is possible. Kor 
an overhaul, the carburetor should be almost completely disassembled so 
that the condition of every' part can be determined. An aircraft carburetor 
which is properly overhauled should be in exactly the same condition as 
a new one. This requires a thorough knowledge of the carburetor and 
painstaking attention to every detail of disassembly, examination and re- 
assembly . The procedure given should be followed in all particulars. The 
illustrations of the carburetors should be examined carefully, wdth particular 
reference to the actual mechanical construction so that the disassembly and 
re-assembly can be properly’ made. The carburetors have been designed in 
so far as possible to require no special tools. However, as is necessary’ 
for all good work, the best of tools should be used and only those which are 
exactly fitted to the work. Particular care should be taken to see that 
gasket surfaces are not injured. 

Especial care is also required for the proper assembly and disassembly 
of the float mechanism. This is made of sturdy construction to stand hard 
service, but it is necessary for proper operation that it be assembled with 
the pivots accurately lined up, and with the needle in its proper location at 
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.ill positions of operation so that there is no tendency to bind. Be certain 
that the float does not rub on the carburetor walls. To disassemble the 
Model NA-T4 carburetor, it is necessary first to remove the twelve fillister 
head screws which fasten the two halves of the carburetor tog-ether. Ten 
of these screws are put in from the top and are plainly visible. The other 
two are reached from the bottom of the carburetor by inverting it. Of these 
t w r o, one is quite long and reaches nearly to the bottom flange surface. The 
other is short and lies betw'een and behind the venturis. It cannot be mis- 
taken if there is knowledge of its presence and general location. Because 
il is partially hidden, it is often forgotten and in such case the halves of 
the carburetor obviously cannot be separated Sometimes the babes stick 
together after long service but will loosen easily with a few light blows 
Horn a rawhide mallet on the lower half, holding the upper half securely 
in one hand. 

The venturis are held in place by shoulders on the \ enturis themselves, 
which fit into groove's of the parting surface When the babes are sepa- 
rated, the venturis can be removed. Unscrew the plugs in the bottom of 
i he main discharge nozzle bosses. Unscrewing the accelerating well screw 
will then allow the renioxal of the main discharge m»//le proper and the 
accelerating well stud. After these are out, the accelerating well studs 
Mioiild be unscrewed from the main discharge nozzles. 'The location of the 
gaskets remoxed should be earefnlh noted so that they can be put back 
correctly in place when the re-asseinbly is made. Remove the strainer 
from the strainer chamber. 

The float mechanism is of an uncommon construction, the floats being 
placed in the float chamber separately and then clamped rigidly to a com- 
mon pivot shaft. To make this disassembly, the float needle vabc and seat 
should first be taken out. It is not absolutely necessary to remove the 
needle valve and scat in order to get the id oat mechanism disassembled and 
out of the carburetor but it is more easily done in this manner and it is 
necessary that the needle vabc seat be removed before the re-assembly can 
be made. C are must be taken with the vabc seat (it will he found to be 
very tightly in place) both to see that the screwdriver slot is not injured 
and to keep intact the gaskets under the seat. These gaskets determine 
the float level and if put back in place exactly as removed, the float level 
will be the same. 

Next, remove the two plugs at the bottom of the two bosses on the left 
side of the carburetor The small screws which clamp the float arms to the 
pivot can he reached by a small screwdriver inserted through these holes. 
After loosening these, the two pivot hearings in the end should he un- 
screwed. These should he marked so that each can be returned to the same 
side from which removed. It will be noted that the pivot shaft is hollow 
and has in each end a length of 10-32 female thread. Any screw or bolt 
liming this thread can he used to screw into one end of this for handling. 
•Tie shaft should he pulled toward the eyd in which the screw is being used 
until the float arm of the float in the other end is clear of the shaft. This 
float should then be removed and the shaft moved in the other direction 
until the other float is clear and can also be removed. If the operation of 
sliding the pivot shaft in the float arms is done carefully, it is easily per- 
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formed, otherwise much injury and delay can be caused. There is ample 
clearance between the hexagon on the shaft and the hexagonal hole in the 
float lever if the two are properly lined up with each other. If they are 
not lined up, the lever binds on the shaft and prevents it from moving in 
either direction. The best method is to hold the float with the fingers of 
one hand while working the pivot shaft with the other. The “feel” of the 
float gives an indication of how easily the pivot shaft is sliding in the arm. 

In replacing, the reverse procedure is, of course, gone through with. 
Particular attention should be paid the pi\ot shaft plugs. These act not 
only as bearings for the pivot shaft, but serve also to limit the end play of 
the float and shaft assembly. This end play should be the minimum consist- 
ent with the free operation of the float. liefore placing the needle valve 
and scat back in the carburetor, they should be checked for leakage and 
examined carefully for e\ idence of wear or injury. Remove the idle air 
bleeders and the idle tubes by unscrew ing out of the lower half. Sec that 
all drilled passages are open. The mixture control valve is opened to 
inspection when the cover is removed by unscrew ing the small fillister head 
screws. If the mixture control valve is removed, mark it carefully as each 
valve is individually fitted and they are not interchangeable. 

If the throttle valves fit accurately and the throttle shaft works freely in 
its bearings, they should not be loosened or disturbed in any manner. The 
most difficult task of assembly of the entire carburetor is in getting these 
valves properl v fitted and synchronized all on the same shaft. In case of 
removal the throttles should be marked for refitting. They are machined 
accurately at the exact angle they lie in the carburetor barrel (twenty de- 
grees with the horizontal). The barrels are carefully finished with a reamer 
which is held to within five ten-thousandths of an inch in size. In the 
reaming, however, the barrels attain different degrees of heat and there may 
be slight variations in size. For this reason the throttles are fitted indi- 
vidually on the original assembly. Therefore, when removing them, 
mark carefully so that each throttle is returned to the proper barrel with 
the proper face up and all points on the circumference in exactly the same 
location as before removal. The hexagon head plug wduch holds the idle 
adjustment assembly in place should be unscrewed and the assembly re- 
moved. 

Carburetor Re-assembly. — The assembly of the carburetor is, of course, 
just the reverse of the process given abo\e with the following addition: 
after the assembly of the lower half, the float level should be checked and 
if not right, corrected. In making the re-assembly, too much care cannot 
be exercised in seeing that all necessary gaskets are in place. There arc 
many gaskets in the carburetor and the omission or improper placing of 
any one of these may cause complete failure of the carburetor action. In 
assembling the upper and lower halves of the carburetor together, it should 
be made certain that they fit well. As covered above the venturi tubes are 
held in place by shoulders machined on the tubes themselves fitting into 
grooves in the upper half. 'The thickness of the shoulder and the depth of 
the groove are nearly the same so that the venturi will be held tightly in 
place and will not move under vibration. Check carefully to see that the 
venturi shoulder will not hold the two halves apart, for should it do so, the 
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resulting action will be the same as that from an imperfect main body 
gasket. The assembly of the two hah cs is best made by having the ven- 
turis in place in the upper half as the assembly is started, making certain 
that the venturis are in the proper position to let the slots in the bottom 
tit over the main air bleeder arm*-.. 

Three points are of vital importance in the re-assembl\ of the carburetor. 
They are: 

The Main Body Gasket. — This should be in perfect condition. Jf the 
gasket is torn at any point around the float chamber or any of the mixture 
control drillings, it will not only allow fuel to see]) out of the carburetor, 
but will seriously interfere with the mixture control action. If torn or 
imperfect around the idle tubes, it will cause poor idling operation and even 
cause the engine to cease firing entirely. If the gasket allows any connec- 
tion between idle tubes and the float chamber, the engine will not run be- 
tween 600 and 1 ,200 r.p m. 

The Idle Discharge Jets. — -These should fit perfectly in place without 
forcing and should rotate freely. All three adjustment assemblies are 
different and each must, of course, be returned to its proper barrel. 

The Float Level. — The effect of the float level is so great on some of 
the operating characteristics of the carburetor that its proper location is 
of the utmost importance A too high level gives flooding and consequent 
fire hazard, wastage of fuel, etc. ff too low, there may be poor operation 
of the engine from 6(30 to 1,2(X) r.p.m. with possible “backfiring” and 
in addition poor or no acceleration when the throttle is suddenly opened. 
The level should be exactly correct with the fuel and operating bead used 
m actual service and there should be no “creeping” of the level. 


QUESTIONS FOR REVIEW 

1. What is the difference between the ‘‘Whirlwind” J4 and J5 engines? 

2 What outstanding accomplishment gave the ‘‘Whirlwind" engine world-wide 
recognition ? 

3. VVliat is the difference between J4 and J5 “Whirlwind” cylinders 0 

4. Wh.it induction system is used on J5 “Whirlwind" engines 0 
5 Why can “Whirl wind” crankshaft he one piece 5 

h. What type fuel pump is used oil Wright engines? 

7. What system of lubrication is u^ed with Wright engines’ 
ft Outline principal Wright “Whirlwind" troubles and remedies 
0. Describe inspection routine for “Whirlwind” engines 

10. When is a complete overhaul needed with Wright “Whirlwind” engines? 
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WRIGHT CYCLONE ENGINE 

General Description — Cylinders — Crankshaft — Crankcase — Supercharger — Valve Oper- 
ating Mechanism — Valves — Valve Spring Assembly — Pistons — Lubricating Sys 
tern — Magnetos — Ignition Wiring — Carburetor Air Heater — Hand Starter — 
Specifications for Wright Cyclone Engine, Model R1750 — Starting and Normal 
Operation — Starting — Ground Test — Flight Operation — Landing — Fuel Specifica- 
tions — Oil Specifications — Engine Troubles* — Low Power and Uneven Running- 
Excessive Oil Temperature — Cold Weather Precaution — Inspection Routine — 
After Twenty Hours — Overhaul — Disassembly — Cylinders — Front Section — Inter- 
mediate Section — Articulated Rods — Crankshaft and Master Rod — Rear Section — 
Oil Seal — Crankcase — Inspection and Repair of All Parts — Cylinders — Pistons and 
Rings — Valves — Valve Guides — Rocker Arms and Cam Followers — Cam — Crank- 
case Parts — Supercharger Impeller — Crankshaft Inspection — Supercharger Oil 
Seal — Re-assembly of All Parts — Checking the Timing Supercharger Section — 
Supercharger Drive — Magneto Timing— Installation and Test after Overhaul- 
Instructions on Stromberg NA-Y7A Carburetor — The Wright J6 Engines. 

The Wright Cyclone aviation engine. Model R1750, shown in photo- 
graphic reproductions at Figs. 596 and 597, is of the nine-evlinder, air- 
cooled, static, radial type operating on the conventional four-stroke cycle. 
The bore is six inches and the stroke is 6/^ inches giving a total displace- 
ment of 1,750 cubic inches. This model is rated at 525 brake horsepower 
at 1,900 r.p m. but will develop 535 brake horsepower at that speed and 
under standard conditions. The guaranteed fuel and oil consumptions at 
rated power and speed are .55 and .035 pounds per horsepower-hour re- 
spectively. 

Cylinders. — The cylinder is built up by screwing and shrinking a forged- 
steel barrel into a cast-aluminum head as clearly shown in sectional view 
at Fig. 598 The head and fins are cast in aluminum alloy, the bottom fin 
being quite heavy to give additional strength at the threaded end. The 
valve ports both face the rear of the engine. The exhaust port is furnished 
with several cooling fins and the intake is left hare. The valves are in- 
clined to the center line of the cylinder at angles of 37.5 degrees, permitting 
a hemispherical combustion-chamber. Valve guides of tungsten steel are 
shrunk into the cylinder head. The val\e seats are of hron/c and arc also 
shrunk into the head. The cylinder barrel is machined from a steel forging, 
and is supplied with fins and the hold-down flange. The top end is fur- 
nished with threads for a distance of 31/32 inch where it screws into the 
head. 

Crankshaft. — The crankshaft is of the two-piece, single-throw, counter- 
balanced type machined from nickel-steel forgings as shown at Fig. 600. 
The front section of the shaft includes the crankpin, the front crankcheek 
and counterweight, and the shaft proper. The crankpin is bored out for 
lightness throughout its length except for the rear end w r here a heavy cir- 
cular rib is provided to prevent distortion when the rear section is clamped 
on. The crankcheek is of rectangular section between the crankpin and 
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shows the crankshaft construction clearly. 

Crankcase. — The crankcase is built up of five sections cast in aluminum 
alloy. The front cover contains the main thrust bearing held in a steel 
housing. The intermediate section furnishes support for the cam followers 
and the cam-drive gears. In this section, also, the cam drum rides on a 
sleeve on the crankshaft. The main section of the crankcase is supplied 
with the cylinder pads and, in the rear wall, with the housing for the rear 
crankshaft bearing. The supercharger is located in the main section be- 



Fig. 597. — Anti-Propeller End View of the Wright Model R-1750 “Cyclone” Engine 
Showing Accessory Grouping. 

tween the rear wall and the supercharger section, this being the next sec- 
tion to the rear. The supercharger is described in detail in the next para- 
graph. The rear section houses all the accessory drives and supports the 
carburetor as shown at Figs. 508 and 601. 

Supercharger. — The supercharger, which is of the centrifugal type, con- 
sists of an impeller, impeller drive, diffuser and distribution chamber. The 
impeller is 7.5 inches in diameter and is machined from a duralumin forging. 
It is mounted on a hollow steel shaft turning on ball bearings and operates 
with the inlet side facing the rear of the engine as clearly depicted in sec- 
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tional view at Fig. 598 The diffuser is a narrow annular passage sur- 
rounding the impeller through which the mixture is discharged into the 
distribution chamber. The front face of the diffuser is formed by a ma- 
chined disc which is seemed to the rear wall of the crankcase main section 
and at the center of this disc is an oil seal which prevents the supercharger 
from sucking oil out of the crankcase. The rear wall of the diffuser is the 
front face of the supercharger section casting. The distribution chamber 



Fig. 598. — Part Sectional View of Wright “Cyclone” Engine Showing Lubrication 
System and Construction of Internal Mechanism. Note Centrifugal Supercharger 

Installation. 

is an annular ring inside the rear of the main case, into which the diffuser 
discharges. The intake pipes are attached to this chamber by ports tan- 
gential to the circumference. The supercharger and all of the accessories 
are driven by an extension on the crankshaft which carries two gears on 
ds rear end for that purpose. Directly above this extension is the super- 
charger and generator driveshaft. The front end of this shaft is carried 
l»v a. hall bearing and the rear end runs in a bronze hearing in the crankcase 
rear section. 

The silhouette drawing at Fig. 602 show's the general arrangement of 
die supercharger. The front gear on the crankshaft extension meshes with 
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a gear on the driveshaft, while the front gear on the driveshaft meshes with 
a gear on the impeller shaft. The impeller shaft is hollow and is concentric 
with the crankshaft extension. The gear ratio is such that the impeller 
rotates at eight times the engine speed. 

Valve Operating Mechanism. — The cam, which is located in the inter- 
mediate section, consists of a hardened-steel ring with four pairs of lobes 
on the outside and an internal gear cut on the inside. The cam is riveted to 
an aluminum hub provided with a bronze-backed, babbitted bearing which 
rides on a steel sleeve on the crankshaft. This is shown in sectional view 



Fig. 599. — Part Sectional Views of Wright “Cyclone” Engine Parts Showing 

Lubrication System. 

Fig. 598. The camdrive consists of a gear on the crankshaft and two gears 
rotating on a pin anchored to the rear wall of the intermediate section. One 
of these two gears meshes with the internal gear of the cam, driving it at 
crankshaft speed and in the opposite direction. The other gear meshes 
.with the drive gear on the crankshaft. 
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The cam follower tappet guides are machined from steel forgings and 
are arranged around the outside wall of the intermediate section. The tap- 
pets are of hardened steel and are a very close, sliding fit in the guides to 
prevent oil leakage. A hardened-steel cup is pushed into the upper end 
while the lower end is slotted to receive the cam-follower roller. The roller 
operates on a floating pin. The rocker arms which are shown at the top 
of Fig. 599 are of one-section machined from steel forgings. The valve 
end of the rocker arm is forked and carries a roller operating on a hub and 
pin riveted into the arm. The push-rod end of the rocker arm is provided 
with the tappet-clearance adjusting screw and adjusting screw locking 
^crew. 

Valves. — The \alves are both of the tulip type, machined from tungsten- 
steel forgings. Twice during the machining process they are pickled in 
acid and inspected for flaws, thus insuring a uniform product. The exhaust- 
' alve stem is hollow and is half filled with salt for cooling purposes, while 
the intake valve stem is smaller and is of soiid cross section. The seats 



Fig. 600 . — Crankshaft of Wright “Cyclone” Engine Assembled with Associated Parts. 


of both are at an angle of 45 degrees. The \ alve seats are annular rings 
of cast-aluminum bronze shrunk into position in the cylinder head. 

Valve-Spring Assembly. — The valve springs consist of three concentric 
coils of round music wire per valve. 'The lower retaining washer seats on 
the shoulder of the valve guides, and the upper washer is locked to the 
upper end of the valve by a tapered, split lockring. The inner spring is 
centered by the shoulders on the inside of the two retaining washers. The 
intermediate and outer springs are located by a ridge running around the 
contact face of each washer. This ridge is of such a diameter and thickness 
diat it fits between the two springs. 

Connecting Rods. — The connecting-rod assembly consists of a master 
rod and eight articulated rods machined from chrome-nickel-steel forgings. 
Ml rods are of one-section and finished all over as shown at Fig. 603 A. 
The master rod is of one-piece construction and operates in the No. 7 cylin- 
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der. It is provided with a steel-hacked, babbitt-lined bearing at the big end 
and a bronze bushing at the wristpin end. The articulated rod knuckle 
pin and wristpin bushings are also of bronze. 

The knuckle pins are of case-hardened steel and are finish ground all 
over. The front end is supplied with a flange which butts up against the 
face of the master rod in assembly. Each flange has a flat on one side 
which is used in conjunction with a flat, steel plate to hold the pins in place 
and prevent them from rotating. The plate is held in place by two screws 
which are lockwired together. 



Fig. 601. — Rear Section Showing Generator, Magneto, Fuel Pump and Oil Pump 
Drives of Wright “Cyclone” Engine. 

Pistons. — The pistons arc of the full-trunk type cast is aluminum alloy 
as shown at Fig. 603 15. The under side of the head is heavily ribbed to 
increase the strength and improve the cooling. There are three piston-ring 
grooves, each holding a pair of narrow rings. Two of these grooves are 
above the wristpin, the top groove having two compression rings and/the 
second two bevelled, oil-scraper rings. The third groove, which is at the 
bottom of the skirt, also holds a pair of oil-scraper rings. The upper oil 
scraper ring groove is provided with twelve J^-inch holes which return 
part of the oil scraped off the cylinder wall to the inside of the piston. The 
wristpins are of generous size machined from alloy steel and oil hardened. 
Aluminum alloy plugs in the ends prevent scoring of the cylinder walls.* 
Lubrication System. — The lubrication system is of the full-pressure type 
except for the cylinder walls, wristpins and accessory drive gears which arc 
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lubricated by splash. Oil is carried in an external tank not furnished with 
the engine. The oil is drawn from the bottom of the tank and through a 
finger strainer by the pressure pump. The pressure pump forces the oil 
through the main strainer and then to the various parts of the engine as 
shown in sectional views at Eigs. 598 and 599. One passage leads the oil 



Fig. 602. — Drawing Showing GE Centrifugal Supercharger and Method of Rotor 
Drive Used on Wright “Cyclone” Engine. 
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to the rear of the crankcase intermediate section where it enters an annular 
groove cut in the casting behind the crankshaft front bearing. Four 
inch holes are drilled through the bearing opposite this groove and these 
holes index with eight %^-inch holes in the bearing sleeve on the crank- 
shaft. A groove in the inside of the bearing sleeve behind these holes is 
connected by a steel tube to the middle of the crankpm bearing, hour holes 
in the master rod bearing index with the end of the supply tube in the 
crankpin once every revolution. Grooves in the back of the bearing lead 
the oil from these four holes to a circular groove cut in the master rod 
inside the rear flange. Leads are drilled radialh from this groove to the 



Fig. 603. — Wright “Cyclone” Engine Master and Link Rods and Piston Assembly 
Shown at A. The Construction of the Piston is Shown at B. 

knuckle pin holes in the master rod flange. A hole in each knuckle pin 
indexes with the oil lead in the flange and conducts the oil into an annular 
space provided by an aluminum spool forced inside the hollow center of 
each knuckle pin. Another hole at the other end of this space delivers the 
oil to the connecting rod bearing. 

Grooves in the back of the crankshaft front main bearing sleeve, in the 
cam drive gear and in the cambearing sleeve conduct oil to the cam bearing. 
Holes in the cam bearing and hub allow a part of the oil to escape and be 
thrown out on the cam drive gears. Drilled passages in the rear wall of the 
intermediate section conduct the oil to the camdrive pinion shaft and bear- 
ing. A passage in the crankcase rear section conducts the oil to the lower 
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ends of the two vertical shafts. These shafts are hollow and lead the oil 
to the upper ends, lubricating’ both the upper and lower bearing. Drilled 
passages leading from the upper ends of the shafts insure lubrication of 
the magneto, supercharger, generator drive bearings. 

The oil-pump driveshaft is lubricated by seepage from the pump nearest 
to the driveshaft bearing. The fuel-pump driveshaft is lubricated by grav- 
ity feed from a small reservoir cast in the rear section just over the shaft 
hearing. This reservoir is open at the top and is constantly kept full of oil 
splashed off the drive gears and bearings. There are three scavenging 
pumps One of these is connected by passages to the front of the main sec- 
tion of the crankcase where it draws off the drainage from the front section 
and a part of that from the main section. The rear of the main section 
drains into a small sump which is drained bv the second scavenging pump. 
'I lie inlet to the third and innermost scavenging pump is an opening in the 
end plate of the oil pnnip assembly. This pump drains the rear section and 
discharges into the oil outlet connection common to all three scavenging 
pumps. 

There are two oi 1 pressure regulating valves, one of which is used to 

the pressure at high speeds and the other to set the pressure at idling 
speeds The high speed, or main vahe, is a spring loaded plunger valve 
which lifts from its seat when the desired pressure is reached and delivers 
the excels oil to the scavenging pumps Regulation is accomplished by 
turning in or out oil the adjusting screw which raises or lowers the tension 
in the spring The low speed adjustment consists of a hole through the wall 
separating the pressure oil system from the scavenging system and a needle 
valve which seats in one end of this hole. This hole is of such area that at 
high speeds onh a small percentage of the total oil circulating can be by- 
passed through it and its el'tect on the pressure is small. At low speeds a 
much larger percentage of the oil circulating is bypassed and the pressure 
tan easily be regulated to secure the desired value of twenty pounds per 
sfjuare inch 'The needle valve extends outside the crankcase rear section 
casting where it is easily accessible. Jt is secured by a lock nut and covered 
by a screw cap 

Fuel Pump. — The fuel pump C located on the right-hand side of the 
crankcase rear section The mounting pad is of the standard Army-Navy 
tvpe and is adaptable to any one of several fuel pumps. The carburetor is 
the Strombcrg Model NA-Y7A. Complete information on this accessory 
is given in the chapter on Strom berg carburetors and in the supplementary in- 
structions to follow furnished bv the Stromberg Motor Devices Company. 

Magnetos. — Ignition is furnished bv two Scintilla V- AG-913 magnetos 
mounted on the rear section of the crankcase. The right-hand magneto 
bres the front sparkplugs and the left-hand magneto fires the rear spark- 
plugs. They rotate at Ijs engine speed and furnish nine electrical impulses 
f v cry two revolutions. 1 11 formation on the construction and maintenance 
ff the magnetos will be found 111 the special chapter furnished by the Scin- 
! ilia Magneto Company in this book. 

Ignition Wiring. — The wiring is rubber-insulated and covered with 
mamelled cotton braid to prevent wear and deterioration. A brass mani- 
fold running around the outside of the crankcase at the rear carries the 
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wires to the base of each cylinder from which point they run up the intake 
pipe to the sparkplugs. Clips on the intake pipe and on the cylinder head 
keep the wires from contact with the cylinder. Radio shielding can be fur- 
nished if desired. 

Carburetor Air Heater. — The carburetor air heater consists of an alumi- 
num casting which is attached with six fillister-head screws directly to the 
carburetor flange. A passage f($r exhaust gas runs through the casting 
horizontally at right angles to the engine crankshaft and is Aimed, both 
inside and out, to afford the maximum heating surface between the exhaust 
gas and intake air. This is shown immediately above the carburetor at 
Fig. 597. The exhaust gas from cylinder No. 5 is brought to an elbow 
bolted to one end of the air heater. At the other end studs arc arranged 
for a standard flange fitted with a pipe to discharge the exhaust gas into 
a manifold or into the slipstream as desired. The exhaust connections 
are made with elbows of steel tubing welded to the exhaust flanges, a 
straight piece of flexible metal tubing being secured to the elbows by hose 
clamps. Copper and asbestos gaskets At over the cylinder exhaust port 
and the inlet and outlet exhaust ports of the heater. Above the heating 
elements is a valve which is controlled by a separate lever in the cockpit 
When open, this valve will shut off the intake air from the heater and will 
open another port to admit indicated air to the carburetor. 

Hand Starter. — The crankcase rear section is provided with a standard 
Army-Navy starter pad so any one of several types of starters can be sup 
plied at the option of the customer. The engine starter dog is located on 
the rear of the crankshaft extension. Information oil the operation and 
maintenance of the Aeromarinc Inertia Starter will be found in the special 
chapter on installation. 

Generator Drive. — The rear section is provided with a standard Army 
E3 generator drive. This drive rotates at one and one-half crankshaft speed 
in clockwise direction. (Observe facing open drive.) On the upper ends 
of the vertical drive shafts in the rear section are two Type E4 gun syn- 
chronizers. These rotate at crankshaft speed and in opposite direction. 
A dual tachometer drive is located on the oil pump co\er and rotates al 
one-half crankshaft speed in clockwise direction. (Observe facing the 
drive.) 

Propeller Hub. — The crankshaft is designed to At a short propeller hub 
with metal blades. The instructions furnished by the Standard Steel Pro- 
peller Co. in the chapter on installation, give complete information on the 
assembly and disassembly of the propeller and hub. 

TABLE OF SPECIFICATIONS 
For Wright Cyclone Engine, Model R1750 


Type * Radial, Air-cooled 

Number of cylinders 9 

Bore 6.000 in. 

Stroke 6.875 in. 

Piston displacement 1750 cu. in. 

Compression ratio 5.0:1 

Normal speed in revolutions per minute 1900 r.p.m. 



SPECIFICATIONS OF CYCLONE ENGINE 


1219 


Vormal brake horsepower at sea level and at normal r.p.m. 

with aviation gasoline 535 b. hp. 

(juaranteed brake horsepower at sea level and at normal r.p.m. 

with aviation gasoline 525 b. hp. 

direction of rotation of crankshaft, looking at propeller end of 

engine Counter-clockwise 

\veragc weight of engines 7h0 1| 3S . 

(.'enter of gravity, distance forward of rear lace of mounting 

bosses on center line of crankshaft (without propeller hub) 5 05 in. 

Diameter of mounting holt circle 23 in. 

\ umber of mounting bolts 0 

Size of mounting bolts in. dia. 

Overall dimensions 

Length 40 .Vr in. 

Diameter .. ... 53 If. in. 

Mounting plate forward .. .. ... 27 ? k in. 


Ignition: 

Magneto t \ pe 

Direction of lot at inn of magnetos, looking .it di lve-cmip- 
hng end . . . . .... 

Magneto speed . . 

Magneto breaker point gap . . 

Sparkplug gap . . 

Spark occurs, in crankshaft degrees, before top dead center 

Valves and Timing: 

Intake opens . ... 

Intake closes . . . 

Exhaust opens . . . 

Exhaust closes . . . 

Intake remains open, in crankshaft degrees 

Exhaust remains open, m eiankshaft degiees 

Yahc lift 

Valve-lappet clearance, both valves, fur liming and running 
Fuel System: 

Car buret or type . .. .. 

( luarantccd fuel lousumption at guaranteed power and not 

mal speed, pounds per brake horsepower hour 

Fuel pressure, pounds tier square inch 


Lubrication System: 

i luarantccd oil consumption, pounds per brake horsepower 
035 lh ph. hp. hr. 

Oil Pressure, pounds per square inch 

At 300 to 500 r.p 20 lb p. sq. in 

At normal r.p.m and recommended oil temperature .... 45 to (o lb. p. sq. in. 

Quantity of ml circulated per minute at normal pressure, 

speed and temperature 26 lbs. 

Minimum safe quantity <>f oil m wholt system 4 gal. 

Maximum permissible millet temperature ml under worst ^ 

conditions ^0 

Desired maximum ml outlet temperature in normal opera- 
tion «'■ 

Speed of oil pump . . *>4 * Crankshaft (1#) 

Direction of rotation of oil pump, looking at driven end 
of oil-pump shaft Counter-clockwise 


Stmmherg NA-Y7A 

.55 lb. ph. hp hr. 

2-4 lb. p. sq. 111 . 


25" 1) t.c 
60° a b.c. 
80° bhc. 
25° a. t.c. 
265° 

285° 

i r " 

050" 


Scintilla V-AG-9D 

Counter-clockwise 
I'h ('rank shaft 
012 in. 

015 in (B.G.) 

30° 
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Hose connections required between engine and lubricating 
system : 

Inside diameter 1 in. 

Number of piece* 2 

Supercharger: 

Speed of impeller 8 x Crankshaft 


Starting and Normal Operation. — before starting the engine for the 
first time, check the following items: 1. Check over all nuts and holts on 
both the engine and the mount and see that they are tight and properh 
locked. 2. ( heck the propeller huh nuts to he sure that they are tight and 
cottered 3 Imbricate the \ ah e gear A\ith the Alemite gun. 4. Kill the 
oil tank with an ample quantity of oil for the run (minimum quantity four 
gallons) and see that all lines are open. 5. Kill the gasoline tank with the 
proper grade of gasoline. 0. Operate the throttle, mixture, and heater con- 
trols and inspect the lc\crs on the carburetor and heater to make sure that 
they bit the stop on both ends of the travel without restriction 7. Operate 
the spark-advance control and inspect for full operation of the lever. H 
See that the tachometer and oil pressure gauge are properly connected to 
the engine and that the oil temperature thermometer bulb is in place. 9 
Turn the engine o\ er by hand to see that everything is clear. 

10. See that the priming line, pump and valve are properly connected 
and in working order 11. Open the cocks in the gas line and operate the 
hand pump if supplied. Do not pump up more pressure than the fuel pres- 
sure gauge can indicate. See that gasoline is supplied to the carburetor 
and that all lines are tight. See that the carburetor does not drip gas ex- 
cessively. 12. See that ground an ires are connected to the magnetos. 

Starting. — The items in the foregoing paragraph should all be checked 
the first time the engine is started. It is recommended that Items 4, 5, 0, 
7, 1 1 and 12 be checked every time the engine is started. After the pre- 
starting inspection has been completed, the engine is ready to start and 
should be handled as follovNs: 

1. Give the engine several strokes of the priming pump. Experience 
is necessary to determine the proper amount of prime for each engine 
About seven or eight strokes of the Tmnkenheimer pump are usually neces- 
sary. Exeessi\e priming has a tendency to an ash the oil oil the cylinder 
walls and to cause scoring or seizing of the xleeNCs and pistons. In cold 
weather the engine requires more priming than in Avarm Aveather. A hot 
engine does not ordinarily require priming. 2. Turn the engine over a 
number of times Avith the throttle closed to suck the gas into the cylinders 
3. Set the throttle lever to the closed position and the mixture control to 
“Full Rich.” The air heater valve should also be closed except in very 
warm Aveather. As a rule, easier starting aaiII be obtained Avith the spark 
control at approximately full advance, but if the engine should exhibit a 
tendency to kick back, it ma\ be necessary to retard the spark half way. 
This procedure is almost always necessary in cold Aveather. 

4. Operate the starter and allow the engine to turn over a full revolution 
Then turn the ignition switch to the start position and operate the booster 
if one is being used. 5. As soon as the engine fires, open the throttle slowl) 
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10 the position where the tachometer will indicate about 600 r.p.m. and then 
advance the spark. The throttle is kept closed in starting to bring the idle 
ostein of the carburetor into operation when the engine is turned over by 
i he starter. If the throttle is opened rapidly when the engine starts to fire 
the idle system discharge may be cut off. Open the throttle slowly. 6. If 
the engine fails to start after several attempts prime again and repeat. If 
the engine is overprimed as indicated by the dripping of gas from the car- 
buretor, the throttle should be opened wide and the engine turned back- 
ward several revolutions bv hand. l»e sure the ignition switch is off. 7. In 
extremely cold weather the oil should be heated before filling the oil tank if 
the plane has been standing in an unhealed hangar. If the engine fails to 
nart after a reasonable number of attempts, consult the instructions that 
lollow oil engine trouble to ascertain the possible cause. 

Ground Test. — AY hen the engine starts, the oil gauge should be watched 
for pressure. If the pressure fails to rise within one minute, the engine 
should he shut dow n and an investigation made. After the gauge indicates 

011 pressure, the engine should he run at (>00 to tSOO r p m. for two minutes 
or more and the throttle then opened slowly to 1,000 r pm., where it should 
he held until the oil-outlet temperature has come up to at least 85 degrees 
fahrenheit (30 degrees Centigrade). In cold weather it may be necessary 
to run the engine at a higher speed to bung the temperature up to the de- 
sired figure 'l lie speed may then be increased slowly to full throttle. The 
mixture control should be leaned out until the engine is turning at the maxi- 
mum rpm. This may occur in the “Full Rich” position. Observe the 
rpm, oil piesstire and oil temperature. With the mixture control set for 
the maximum rpm. check the functioning of the engine when running on 
one magneto at a time. 'The speed should not drop more than 75 r.p.m. on 
either magneto. \\ ith the mixture control set in the “Full Rich” position, 
pull the throttle hack until the engine is idling and then open it <|uickly 
about half w ay. The acceleration should be smooth and rapid. If all valves 
appear normal and the operation is smooth, the engine is then ready for 
llight. ]L should be remembered that the engine receives \ cry poor cooling 
while on the ground and prolonged running at full throttle should be 
avoided. Always head the plane into the wind when running the engine 
on the ground. Full the mixture control lexer hack to the “Full Rich” posi- 
tion before taking off. 

flight Operation. — As soon as the desired altitude has been reached and 
the engine has been throttled back to ciuismg speed the mixture control 
and the air beater valve should be adjusted to give the best fuel economy, 
hirst set the throttle so the engine is turning about 30 r.p.m. faster than is 
desired and then move the mixture control lever towards the “Lean” posi- 
tion until the engine has slowed down to the desired speed. The heater 
valve should then be adjusted. The best position for the heater valve 
Mines, of course, with the condition of the atmosphere. In moderate 
weather it is possible to find an intermediate position for the valve so that 
'he maximum engine speed for a given throttle opening can he obtained 
without the formation of icc. Tn hot, dry weather the best results may be 
btained with the valve wide open, while in very damp, cold weather it may 
he necessary to keep the valve fully closed to secure the full heating effect. 
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When the heater valve has been adjusted it may be possible to lean out the 
mixture a little more. Roughness at part throttle is an indication of insuf- 
ficient heat and may usually be cured by increasing the amount of heated 
air. When in doubt always use the air heater. 

The instruments should be noted at frequent intervals to see that the 
powerplant is functioning properly. The engine should be operated to 
keep -within the following limits: Oil pressure. 45 to 65 pounds per square 
inch. Outlet oil temperature, not over 180 degrees Fahrenheit (82 degrees 
Centigrade). Fuel pressure, two and four pounds per square inch. If the 
oil pressure falls below 35 pounds, an immediate landing should be made 
and the cause of the trouble located and removed. Tt should be remembered 
that, with the oil system used on the Cyclone, the pressure naturally de- 
creases with the engine speed and due allowance for variation in the engine 
r.p.m. should be made. 

It is not so serious when the oil pressure exceeds the high limit: but it 
should be corrected at the end of the flight. This correction can generally 
be accomplished by adjusting the relief valve. High oil temperature, when 
not caused by atmospheric condition, may be a sign of trouble in the engine. 
If the outlet oil temperature rises above 180 degrees Fahrenheit a lauding 
should be made as soon as possible, and the cause of the rise determined and 
corrected. 

Landing.— When the throttle is pulled hack in making a lauding the 
mixture control lever should always be set back to the full rich position. 
This will insure good acceleration if it becomes necessary to open the 
throttle again. Because of the rapid heating and cooling rate of air-cooled 
engines, a hot engine should never be shut down rapidly, except in emer- 
gencies, as such treatment has a tendency to war]) the val\es After a 
plane has landed and taxied to the line, the throttle should be slowly closed 
to 600 to 700 r.p.m., and the gasoline supply shut otT. The engine should 
be allowed to run in this manner until the fuel supply fails. If this plan 
of operation is followed regularly, the time between overhauls will be 
greatly increased. 

Fuel Specifications. — The fuel used should be of the type known as 
Grade B domestic aviation gasoline, as the use of other fuels is apt to lead 
to unsatisfactory operation and serious damage to the engine. The manu- 
facturer will assume no responsibility for the engine’s performance when 
other fuels are used. In case of emergency, when approved gasoline is not 
available, benzol gas, ethyl gas or high test automobile gasoline should be 
used. The engine should then be operated at reduced throttle with mix- 
ture control in the full rich position. Gasoline from California base crudes 
is much superior to gasoline from the mid-continent and Eastern crudes 
for use in Cyclone engines. 

The following specifications correspond to the Navy Department Speci- 
fication No. 7Glb of Dec. 1, 1924, for Grade B domestic aviation gasoline. 
Grade B domestic aviation gasoline shall conform to the following require- 
ments : 

1. The gasoline shall be free from water and suspended matter. 

2. Color — The color shall not be darker than No. 25 Saybolt. 

3. Doctor test — The doctor test shall be negative. 
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4. Corrosion test — One hundred cubic centimeters of the gasoline shall 
cause no gray or black corrosion and the amount of deposit, when 
evaporated in a polished copper dish, shall not exceed three milli- 
grams. 

5. Distillation range — The temperature limits are as follows: 

When five per cent of the sample has been recovered in the gradu- 
ated receiver, the thermometer shall read not more Ilian 75 degrees 
Centigrade (167 degrees Fahrenheit), nor less than 50 degrees 
Centigrade (122 degrees Fahrenheit). 

When 50 per cent has been recovered in the receiver, the thermometer 
shall not read more than 105 degrees C entigrade (221 degrees 
Fahrenheit ). 

When 6() per cent has been recovered in the receiver, the thermometer 
shall not read more than 155 degrees C entigrade (311 degrees 
Fahrenheit ) 

When [)(t per cent has been recovered in the receiver, the thermometer 
shall not read more than 175 degrees Centigrade (347 degrees 
Fahrenheit). 

The end point shall not be higher than 1 ( >0 degrees Centigrade (374 
degrees Fahrenheit ) . 

At least 96 per cent shall be recovered as distillate in the receiver 
from the distillation. 

The distillation loss shall not exceed two per cent when the residue 
in the flask is cooled and added to the distillate in the receiver. 

6. Acidity — 'Flic residue remaining in the flask after the distillation has 
been completed, shall not show an acid reaction. 

7 Sulphur content shall not he over .10 per cent. 

Oil Specifications. — Lubricating oils for use in Wright engines must 
conform to the following specifications: 

1. Flash point- Method 110.32. The flash point shall not be lower than 
100 degrees Fahrenheit. 

2. Viscosity — Method 30.41. The viscosity, for summer use, shall be 
90 to 105 sec. at 210 degrees Fahrenheit, and shall he 75 to 85 sec. 
at 210 degrees Fahrenheit for use in winter. 

3. Pour points — Method 20.12. The pour point for summer use shall 
lie less than 45 degrees Fahrenheit and shall he less than fifteen de- 
grees Fahrenheit for use in winter. 

4. Acidity — Method 510.31. To neutralize one gram of oil, not more 
than .10 milligram of potassium hydroxide shall he required. 

5. Emulsion test — Method 320.21. The oil shall separate completely in 
one hour from an emulsion with distilled water at a temperature of 
180 degrees Fahrenheit. 

6. Carbon residue — Method 500.12. The carbon residue shall not exceed 
2.5 per cent. 

7. Precipitation number — Method 310.1. The precipitation number shall 
not he greater than live-tenths. 

8. The oil shall be derived from a petroleum base and shall be free from 
fatty oils, resins, soap and other compounds not derived from pe- 
troleums. 
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Tests — All tests shall be made in accordance with “Methods for Testing 
Lubricants and Liquid Fuels” contained in Technical Paper No. 323B, 
Bureau of Mines. The method numbers given above refer to this paper. 
Copies of the paper may be obtained by application to the Superintendent 
of Documents, Government Printing Office, Washington, J). C. 

Engine Troubles. — Determining the causes of engine trouble is at times 
rather involved on account of the number of sources to which a given symp- 
tom may be attributed. The best method of "trouble shooting” is to first 
decide on the possible causes and then eliminate them one by one, starting 
with the most probable. This table of the commonest troubles and their 
causes is submitted to the ser\ice men with the object of reducing wasted 
time and increasing the reliability of the engine. 

Failure of Engine to Start. — If the engine fails to start, it may be due to 
any one of the following conditions- 1. Lack of Fuel — E\amine the fuel 
supply, shut-ofl cocks, traps, strainers, and hose connections. 2. Under 
Priming or Over Priming — See instructions on starting. 3. Booster Mag- 
neto Defective — Examine and test the starting magneto 4. Throttle ( )pen- 
ing Incorrect - The throttle should be kept closed until the engine starts 
to fire and should then be opened slowly to the position where the tacho- 
meter w ill indicate about (>00 r.p m. 5 i )cfecti\ e Ignition Wire- Examine 
ignition wiring for wear, breaks and incorrect connections (>. Dirtv Spark- 
plugs' — ( heck the sparkplugs for proper functioning. Clean and set gaps 
(B.G., .015 inch). 7 . Incorrect \ alve-Tappet Clearance — (.heck the valve- 
tappet clearance. 8 Incorrect Timing — Check the \al\e and ignition tim- 
ing. 9. Water in Carburetor — Open the strainer chamber dramcock and 
remove the two accelerating wadi plugs to drain off the gasoline and water. 
10. Cold Oil — With the ignition switches off. turn the engine over bv hand. 
If it is \erv stiff, it will be necessary to dram and heat the oil before start- 
ing. 11. Magneto Breaker Points- — See that the magneto breaker points 
are clean and have the proper gap of .012 inch. Test the spark delivered 
by the magneto. 12. Miscellaneous — Examine the engine carefully for 
unusual conditions, turning over slowly by hand. 

Low Oil Pressure. — Low oil pressure or none at all may result from the 
follow ing causes : 1. Lack of Priming — Disconnect the oil suction line and 
fill the pump with oil. Turn the engine over by hand until the oil is sucked 
into the pump. Check the oil supply. 2. Leak in Suction Lines — Examine 
the oil-suction lines for air leaks. 3. Dirt m Oil Screen — Remove and clean 
the oil strainer. 4. Improper Setting of Relief V alve-- -Remove the cap 
over the idle oil-pressure adjusting screw, loosen the locknut and turn in 
on the screw until a pressure of twenty pounds is obtained at idling speed. 
If this adjustment does not give the recommended pressure at rated speed, 
remove the cap, loosen the locknut and turn up on the main oil-pressure ad- 
justing screw until a minimum of 45 pounds pressure at rated speed is 
secured. If this pressure is not reached until the screw is all the way, or 
nearly all the way down, the trouble lies somewhere else. Adjustment of 
the pressure may be made with the engine running and should be made 
when the oil is hot. 5. Excessive Bearing Clearance — A bearing may be 
worn enough to cut down the pressure, in which case an overhaul will be 
necessary. 
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Oil Accumulation in Crankcase. — The filling of the crankcase with oil is 
usually caused by lack of priming in the discharge pump. Disconnect the 
main discharge line from the engine and put on a two-foot length of garden 
hose. While turning the engine backward, feed oil into this hose until a 
quart or so has been sucked in. C heck the oil pumps, strainers and lines 
for failures or stoppages. Oil may accumulate in the crankcase until the 
scavenging pumps are primed, in which case the trouble will be rectified as 
soon as the pumps start operating. This may take several minutes. 

Low Power and Uneven Running. — The full-throttle speed of the engine 
will vary by 75 to 1CK) r.p in. under different atmospheric conditions, the 
greatest variation occurring with the changing of the plane’s angular posi- 
tion with regard to the wind. Tt will also vary considerably with the con- 
dition of the propeller. The engine should not lie considered low on power, 
therefore, unless the drop in speed is excessive under similar conditions. 
Low’ power and uneven running may he traced to anv of the following 
causes: 1. Rich or Lean Mixture — Make sure the mixture control lever is 
in the best position. 2 Leaks in Induction System — Examine the intake 
pipes for cracks and for leaks at the cylinder and crankcase connections. 
Lxamine the carburetor and intake manifold flanges for tightness. 3. 
Sparkplugs — See that all the sparkplugs are clean, that they have the proper 
clearance and that they arc not burned. 4. Valve and Valve-Gear Trouble 
- -C heck the \alve-tappet clearance, springs, washers, rocker arms, and push 
rods. See that the valves are not sticking. 5. Poor Fuel — Make sure the 
fuel being used is a good grade of domestic aviation gasoline and that it 
flows freely to the carburetor. Fuel which causes detonation should not 
he used This condition can be detected by adding benzol or ethyl fluid to 
the gasoline being used and noting the improvement in the performance 
of the engine. lie sure that the sparkplugs are in good condition for this 
test. () Magneto lircaker Points -See that the magneto breaker points 
nre clean and have the proper gap of 012 inch. Check the operation of the 
magnetos 

7. Engine Overheat mg — This condition may lie caused by items 1, 2, 
3, and 5 under the head of Low Power. It is easily recognized by the fact 
dial the engine will run at normal speed just after idling and will then 
dowdv fall off. Continued running of an engine exhibiting this symptom 
is liable to cause considerable damage, so an investigation of the cause 
should be started immediately. Other causes include improper cowling, 
excessive air temperature, thin oil, insufficient oil cooling, and poorly de- 
signed exhaust manifold. 

Excessive Oil Temperature. — This condition may result from: 1. In- 
sufficient oil cooling. 2. Insufficient oil supply — There should be at least 
four gallons of oil in the system. 3. Low grade oil — See that the oil being 
used is up to specification. 4. Suction pump failing to scavenge the oil 
properly from the crankcase. — Examine all oil lines for leaks. 5. Over- 
heated bearing — If the trouble is not found after an investigation of 1, 2 
nd 3, a bearing may be overheating, in which case a disassembly will be 
1 ecessary. 

Carburetor Leakage. — Because of the fire hazard, the engine should not 
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be run if the carburetor leaks gasoline excessively. The leakage may be 
caused by: 1. Leaky float. 2. Stuck float. 3. Poor seating of the needle 
valve. 4. Wear of the float fulcrum pin In any case, tin* carburetor should 
be remoxed and checked over, if the float has been leaking, the gasoline 
should be removed, the hole soldered, and the float immersed in hot water 
to test for tightness. Leakage by the needle valve can be remedied by hold- 
ing the valve in position on the seat and tapping smartly with a small ham- 
mer. 

Cold Weather Precautions. — In extremely cold weather it will be neces- 
sary to preheat the oil before starting if a heated hangar is not available. 
A great deal of time can be saved by draining the oil from the tanks as 
soon as operations for the day are concluded and before the oil has cooled 
off. If left in the tank over night, the oil may become so viscous as to re- 
quire considerable time to drain. Jn cold weather it is also advisable to 
have some sort of lagging on the external oil lines to and from the tank. 
This will result in higher oil temperature at cruising speed and will decrease 
the danger of stoppage due to congealed oil. A layer of asbestos cord, 
shellacked and then wrapped with friction tape provides very good insula- 
tion. Lacking asbestos, several layers of ordinary packing cord can be 
used. A large sized oil-pressure gauge line is essential in cold weather to 
obtain an immediate indication of any pressure variation in the engine. 

Inspection Routine. — In order to obtain maximum reliability and service 
from engines a regular schedule of inspection and overhauls should be 
maintained. Serious failures very often arise from minor causes which a 
few minutes’ inspection could have averted. The following schedule is 
suggested, this being practically the same as recommended previously for 
the “Whirlwind” engines. 

Daily Inspection.-- Every flying day the following inspection should be 
made: 1. Arc the sparkplugs tight ? 2. Grease the rocker arm shafts with 
the Alemite gun using a No. 3 grease free from graphite or other com- 
pounds which will cause caking on the exhaust valve stems. 3 Arc igni- 
tion terminals secure to wires and plugs and is insulation on wires intact? 
4. Is compression normal? 5. Are carburetor and carburetor manifold tight 
at securing flanges? 6. Are fuel tanks filled? 7. Is oil tank filled? 8. Are 
magneto ground wires secure? 9. Are throttle, mixture and magneto con- 
trols free throughout their range? 10. What is full throttle r.p.m.? 11. Is 

engine operation good on either magneto? 12. Arc values of oil pressure 
and temperature normal? 13. What is gasoline pressure? (Should be 
two-four pounds per square inch ) 14. Are the air heater connections 
tight? Make sure there are no leaks between the coils of the flexible tubing 
as these are' apt to grow into breaks very rapidly. Twist the tubing to 
tighten up loose coils. 

Twenty Hours. — After every twenty hours of flight the engine should 
be inspected as follows: 1. Remove the rocker box covets and make a check 
of the amount of motion of the various parts. If the tappet clearance seems 
normal it should not be disturbed. If any part seems to have too much 
motion, or if the tappet clearance is excessive, the rocker arm and push rod 
should be removed and the cause determined. Check the offending part 
against the maximum allowable clearance as indicated in the charts in this 
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chapter (Figs. 608 to 612 inc.) and replaced if this is exceeded, and if in the 
lpinion of the operator it seems advisable. 2. Are sparkplug points clean and are 
^aps set at proper clearance? (.015 inch for B. G. plugs.) 3. Arc nuts 
,m inlet pipe upper flanges tight? 4. Are inlet pipe packing nuts tight? 
5 . Are cylinder hold down nuts tight and are Palnuts in place? 6. Are fuel 
drainers clean? 7. Arc fuel lines and connections secure and free from 
leaks? 8. Ts lock on gasoline pump pressure adjusting screw secure? 9. 
Are oil strainers clean ? 

10. Drain the oil from the tanks and lines and flush with kerosene until 
perfectly clean. (Do not use kerosene inside the engine.) Replace the lines 
and put four gallons of clean oil in tank. Run the engine for twenty min- 
utes and then drain out all the oil again. Fill the tank with clean oil. Great 
care should he taken to see that all the oil lines are replaced properly and 
there are no air leaks. Small air leaks are apt to interfere seriously with 
the proper functioning of the lubricating system. 

11. Are engine mounting bolts tight? 12. Does each magneto get full 

advance when operated from cockpit? 13. Are magneto breaker points 
clean and gaps set at .012 inch? 14. Are magneto couplings in good con- 
dition ? 15. Put four drops of medium machine oil in rear magneto oil 

holes. Fill front holes. 16. Lubricate the carburetor throttle shaft bear- 
ings and all parts of the control mechanism where friction is present. 17. 
Arc propeller hub lock nuts tight? 

18. The rocker box housing should have at least .031 inch clearance over 
the pad on the to]) of the cylinder. This is set on a new engine and will 
never decrease unless some part is stretching or wearing. The push rod 
housings should be tight at all times when the engine is hot and should be 
checked by shaking the top ends of the housings. If any housing is loose 
the clearance should be reset to .031 inch to .035 inch by first tapping the 
rear end of the rocker box with a rawhide hammer and then turning the 
push rod housing adjusting nut with tool WA-256 to obtain the correct 
value. This will alter the valve clearance which should then be readjusted. 
A slight amount of push rod housing looseness on a cold engine is permis- 
sible and should not be disturbed. It is advisable to run the engine at part 
throttle for at least or l A hour tw ice a w'eek in order to keep the inferior 
parts flushed with oil. This will prevent the vapor due to condensation 
ui the crankcase from rusting steel parts. 

Overhaul. — It is suggested that the compression, as noted in item 11 
of the dail inspection, be checked very carefully on each cylinder. As soon 
as one is found to be low it should be removed, the valves tested for leakage 
and the piston rings checked for tension. The valves should be ground 
and the piston rings replaced when necessary. In this manner the engine 
tan be kept up to pow er and speed. It is sometimes very difficult to distin- 
guish between a valve w hich is leaking and one which is being held open 
By a bit of dirt or carbon on the seat. The only wav to check this out is to run 
the engine for several minutes and then try out the compression again. 
’! lie length of the periods between complete overhauls varies with the sever- 
11 \ of the service and rests largely with the judgment of the operator. Under 
! ormal conditions the Cyclone engines will operate satisfactorily for 200 
•o 300 hours before complete disassembly and overhaul become necessary. 
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Disassembly. — When the condition of the engine seems to warrant a 
general overhauling, it should be removed from the ship and sent to the 
overhaul depot. This should be a clean, light shop, provided with a bench 
lathe, drill press, arbor press, buffing wheel, engine stand, and a complete 
set of the overhaul tools as furnished by the engine makers. The best over- 
haul stand is the type which permits rotating the engine to any desired 
angle as previously described in connection with overhauling the Wright 
“Whirlwind” engines. The mechanics are then able to do each part of the 
work with the engine in the most convenient position. If this type of stand 
is not available the lower half of the engine shipping box can be used when 
it is desired to have the engine in the upright position and a stand of the 
type show T n in photographs showing renioxal of front cover can be con- 
structed to hold it in the imerted position. It has been assumed in the text 
that the rotating t} pe of stand is not available. 



Fig. 604. — Method of Grinding “Cyclone” Valves Shown at A and Method of Remov- 
ing Valve Stem Collar Lock Shown at B. 

Inspection Bench. — As each part is removed, it should be w'ashed in 
gasoline and placed on the inspection bench. The bench should be located 
near the disassembly floor and wdiere it will receive a good supply of light. 
A drop light is necessary for inspecting the cylinder bores and valve scats. 

A service tool kit is furnished hv the manufacturer with each engine. 
This outfit contains tools sufficient for the general servicing of the engine 
and should be carried in the plane for use in emergencies and is very similar 
to that furnished w'ith “Whirlwind” engines. For completely disassembling 
and reconditioning the engine, a number of special tools are absolutely 
necessary. A repair depot handling any great number of engines should he 
equipped with a complete set of these tools, the outfits show'll at Figs. 575 
and 576 in the preceding chapter are typical. 

Disassembly. — The following instructions for disassembly are presented 
in as great detail as space permits. In the event that any point seems ob- 
scure it is suggested that the sectional views of the engine shown at Figs. 
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598 and 599 be consulted. It will also be necessary to consult the assembly 
drawings from time to time, as references are frequently made by part 
number instead of part name. This was done to avoid confusion due to 
the similarity and complexity of some of the part names. 

Cylinders. — As soon as the engine is conveniently set up, the work of 
disassembling can be started. Using tool WA-328, loosen the thrust-bearing 
nut. This nut should not be removed but should be loosened while the 
sparkplugs are still in the engine. Remove all sparkplugs and then the 
intake pipes. Remove the three cap-screws at the intake pipe flanges and, 



Fig. 605. — Removing Front Cover of Wright “Cyclone” Engine. 


using tool \VA-2 ( ) ( ), loosen the packing nuts at the crankcase ends of the 
pipes. Detach the ignition wires from the clips on the cylinder heads and 
intake pipes, and remove the intake pipes. It is advisable to leave the No. 
/ cylinder until the last to prevent the rods from slapping about. 

Set the piston of the first cylinder to he removed on the approximate 
lop center and remove the cylinder hold-down nuts. Remove the push-rod 
l ousing lower stud nuts with tool WA-319 and pull olT the cylinder, taking 
1 are that the piston does not swing over against the adjacent cylinder. Care 
1 hould also be taken not to drop the push rods when the cylinder is removed 
< ' they will be loose in llieir housings. 
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As soon as a cylinder has been removed, the piston should also be taken 
off to avoid injury in su‘ sequent operations. I wristpin out or tap 

it out with fiber drift WA-33 ( ). In this operation care should be taken to 
avoid flattening the wristpin plug 1 as this is liable to lead to scoring of the 
cylinder walls. Remove the rest of the cylinders and pistons in the same 
fashion. 

To disassemble the valve gear, set the cylinder on a wooden block so 
shaped that it will hold the valves in place. Remove the rocker-box covers, 
the cotter pins, nuts, washers, rocker-arm pins, and rocker arms. Slip a 
smooth piece of steel rod through the rocker-arm pin holes, and, using 
valve-spring compressor WA-300, compress the valve springs as shown at 
Fig. 604 ]>. As soon as the split locks ha\c been removed, the springs and 
retaining washers arc free and can be taken off. Remove the cotter pins, 
nuts, washers, and the rear spring and remove the rocker boxes and push- 
rod housings. The washer under the rear spring is apt to be forgotten and 
lost. Remove the wire circlets from the valve stems and take the cylinder 
off the block, holding the valves so that they will not fall through. Remove 
the valves, taking care that they do not touch and nick the cylinder walls. 
To remove the push-rod housings, loosen the locknuts and back off on the 
adjusting nuts until free. 

Front Section. — Remove the thrust-bearing nut and the hold-down nuts 
on the front section. Remove the brass plugs in the three puller holes in 
the front section and insert the three pullers, WA-310. Turn down evenly 
on all three until the thrust bearing is free on the shaft and the front cover 
can be carefully removed. Take off the six hold-down nuts and the thrust- 
bearing housing cover. Lay the section on a bench with the front up and 
using a small brass drift, tap the inside upper corner of the bearing lightly 
until it drops out of the housing. The housing can be removed, if necessary, 
using two of the pullers WA-310 as shown at Fig. 005. 

Intermediate Section. — Push back all the cam follower rollers until they 
are clear of the cams and remove the sjKicer and cam bearing 21,134. Lift 
off the cam, taking care not to strike the babbitted bearing against the 
crankshaft, and remove the camdrive gear 20,306. To remove the cam fol- 
lowers or tappets, take off the circlets at the upper ends and push them 
out towards the inside. The rollers and pins are loose and will fall out if 
they are not held in place. The guides may be removed toward the outside. 
The followers and guides are a selective lit and must be kept together. It 
is therefore advisable to re-assemble them immediately after they have been 
removed. 

Remove the cotter pin and nut and lift the cam gear and pinion off the 
pin. Remove the hold-down nuts and the puller hole plugs and insert the 
three pullers WA-310 in the holes provided for that purpose in the outer 
edge of the intermediate section. Turn down slowly and evenly on all three 
and lift off the intermediate section. Invert the section, remove the cotter 
pin and the large nut 20,361, using wrench WA-327. Then take a piece of 
half-inch round bar stock and, inserting it in the hollow pin from the rear, 
drive out the camdrive pinion pin. Be careful not to injure the threads. 
This pin is a very close fit and should not be removed unless it is known to 
be defective. 
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Articulated Rods. — Cut the safety wires and remove the screws and 
: iiuckle-pin lockplates. Do not lose the copper washers under the screw 
heads. In removing the knuckle pins, keep the round part of the crank- 
v heek adjacent to the pin being removed, in order to insure ample clearance. 
I sing puller WA-323, remove the knuckle pins and take out the articulated 
mis. Be sure to screw the puller all the an ay into the knuckle pins to 
,i\oid stripping the threads when force is applied. This operation is shown 
at Fig. 606. 



Fig. 606. — Removing a Knuckle Pin from Wright “Cyclone” Engine Assembly. 


Crankshaft and Master Rod. — Turn the crankshaft until the counter 
weights are directly over the shank of the master rod and place the hoisting 
cn r W'A-337 on the end of the crankshaft. Using the chain hoist, lift lip the 
diuft and rock it slightly until it is loose in the case. Then tip it until the 
master rod can be withdrawn from the No. 7 cylinder opening and lift the 
whole assembly out of the crankcase. Place the front counterweight ill a 
^kse, the jaws of which are faced with soft copper or brass, and remove the 
1 ( >Hcr pin from the clamp screw. Using tool WA-340, remove the clamp 
■ocw and washer. Insert wedge WA-316 in the slot in the rear section 
of the crankshaft and tap down until enough clearance is obtained to slide 
Ike rear section off the crankpin. The master rod can then be pulled off 
Ike crankpin. It is not usually necessary to remove the front bearing 
'■k*eve; but if this should be required, it can. lie accomplished by inserting 
1 pointed brass drift in the oil hole and tapping it forward. To remove 
rear bearing, which is also usually unnecessary, place the rear section 
a vise, remove the cotter pin and back off the spanner nut with tool WA- 
•’ Lift off the slingcr and tap the roller bearing off toward the rear. 
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Rear Section. — Lift the case by the rear hoisting eyes and set it down 
with the rear section up. Remove the carburetor, using wrench WA- 
314. Disconnect the magneto-control rods at the control shaft end, dis- 
engage the magneto couplings and remove the magnetos. To disengage 
the couplings first remove the lock wires and then push the couplings 
towards the magnetos, rotating them slightly to catch the teeth of the 
coupling gears behind the teeth of the gears on the magnetos. Remove 
the generator by taking off the four hold-down nuts on the flange. Remove 
the hold-down nuts and the five induction passage seal screws. Using the 
three pullers WA-310, lift off the rear section. The oil pump is removed 
by taking off the hold-down nuts and using one of the three pullers WA- 
310 in the tapped hole provided. 

Disassemble the Oil Pump as Follows. — Remove the four nuts and wash- 
ers on the four long studs and the three screws holding the tachometer 
drive to the outer face of the pump. Remove the tachometer drive and, 
holding the pump in the hand, tap off the front cover. The four studs and 
the two dowels are held in this section and will come out with the cover. 
The gears on the idler shaft 20.950 are free and can be slipped off wdiile 
those on the dm eshaft 21,023 are keyed on and must be worked off with a 
screwdriver. Remove the two gears exposed when the front cover is taken 
off and also the key. Tap off the other sections, removing each pair of 
gears as they are exposed. To remove the tachometer driveshaft, unscrew 
the large hexagonal nut and w ithdraw the shaft and gear. The fuel pump 
can be taken off after the removal of the four hold-down nuts. The drive 
gear and bearing can then be removed by tapping from the inside. Slip 
off the lockring at the outer end to remove the drive gear. Remove the 
nuts and washers on the synchronizer studs, and tapping upwmrd on the 
inside, loosen and remove the synchronizers (or covers) and the vertical 
driveshafts. 

To remove the magneto driveshafts, hold the coupling gear and remove 
the cotter pin and nut on the inner end. Drive the shafts through the drive 
gears toward the outside. Tap the generator drive out toward the rear and 
withdraw' the generator-drive gear from the hushing in the rear section. 
To disassemble the generator drive, remove the lockring and nut from the 
rear end and withdraw the shaft. To remove the coupling gear from the 
magneto, hold the gear lightly in a vise and take off the nut with a socket 
wrench. Then remove the gear with puller WA-10. Removing this gear 
without the puller is very difficult and generally results in injury to the 
magneto shaft. 

Remove the two nuts holding down the hearing cap and with a lead 
hammer tap the supercharger and generator driveshaft until it is free and 
can be taken out as shown at Fig. 607 A. Remove the cotter pin and nut 
r >n the forward end and tap the gears off the splined shaft. These gears 
'iced not be disassembled unless they are known to be defective. 

Remove the six nuts holding the impeller-drive bearing support 21,149 
in place and pull out the assembly. This group need not he disassembled 
inless it is desired to replace some part. In that case, proceed as follows : 
Remove the cotter pin, securing the nut 20,565, and with tool WA-311, back 
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off on the nut. The crankshaft extension 20,495 can then be tapped out 
toward the rear. By removing’ the six fillister-head screws, the crankshaft- 
extension bearing and housing can be remoxed and the bearing tapped out 
of the housing. If either the supercharger and generator drive gear 21.255, 
or the accessory drive gear 20.490, is to lie replaced, the rivets must be 
drilled out and the assembly re-ri vetted. Before heading over the rivets 
clamp the parts securely together. When completed, set the assembly up 
in a lathe and check with an indicator. All of the serial numbers given are 
the maker’s part numbers. 



Fig. 608 . — Clearance Drawing Showing Wright “Cyclone” Cylinder, Crankpin and 

Supercharger Drive. 
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Supercharger Section. — There are two studs and nuts holding the super- 
charger section to the main section. These nuts should be removed with a 
long socket wrench WA-313 and by means of pullers WA-310, the super- 
charger section should be removed as shown at Fig 607 P>. To remove the 
impeller for inspection proceed as follows: With a sharp screwdriver tap 
back the metal of the impeller-retaining nut 20,684 where the setscrew 
20,920 has been locked in with a center punch. This should be done care- 
fully in order to avoid stripping the screw threads. With a small screw- 
driver which just fits the screw slot remove the setscrew. 

Set the section up in a vise, the jaws of which are faced with soft copper 
or brass, holding it by the flange at one side. Hold the impeller-shaft rear- 
bearing nut 20,484 with tool W'A-309, loosen the impeller retaining nut 
20,084 and remove. Screw puller WA-324 into the inside thread of the im- 
peller and withdraw it from the shaft. Still holding the supercharger in 
the vise, remove the cotter pin and with tool WA-356 back off nut 20,459. 
Tap the impeller-shaft bearing cage out of the supercharger section and set 
it in a vise, gripping it by the splined shaft. As this shaft is hollow, care 
should be taken not to distort it by too much pressure. Remove the cotter 
pin and with tool WA-300, back off the rear bearing nut 20.484. 'The im- 
peller shaft and the rear bearing can then be tapped out toward the rear 
of the cage and the bearing tapped off the shaft. 

As a convenient method of holding* the cage during the next operation, 
put it back in the supercharger section, not forgetting the key. Remove 
the cotter pin and using tool WA-326. back off on the front bearing nut, 
20,406 The front bearing can then be tapped out of the cage. As there 
are several slingers in this assembly which are almost alike, special notice 
should be taken of their arrangement in order to prevent mistakes in as- 
sembly. 

Oil Seal. — Remove the two spacers 21 ,228 from the studs and take out 
the six flat-head screws which hold the oil seal to the rear wall of the crank- 
case. Reach in through the intake ports with two long screwdrivers and 
loosen the oil seal plate until it can he lifted off over the studs. 'Fake off 
the circlet 21,123 and remove the impeller oil-retainer bushing 21,121 from 
the oil-seal assembly. 

Crankcase. — -To facilitate cleaning the oil passages in the crankcase take 
out all the plugs and finger strainers which are located near the bottom 
o<" the case. Remove the two lifting eyes in the top of the case. These 
plugs and all passages are shown in the sectional views. Figs. 598 and 599. 

Inspection and Repair. — After the engine has been completely disassem- 
bled and the parts laid out in groups on the inspection bench, they should 
be very carefully checked for defects. As a guide in this work a series of 
clearance charts is given at Figs. 608 to 612 inclusive. The maximum and 
minimum clearances allowed in manufacturing are shown oil the chart, as 
well as the maximum clearance that is allowable in service before a part 
should be replaced. The latter figures are given more prominence by being 
underlined. These clearances should not be construed to mean that any 
part showing less wear is always satisfactory. The appearance of a part 
very often gives a better indication of its condition than does the actual; 
dimension. The underlined figures are suggested as guides only where 
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looseness is the main consideration. When clearances are found in excess 
of those noted, an investigation should be started to determine the cause 
which is very often traceable to the wear or failure of some other part. 
New parts should be gone over very carefully and inspected for burrs or 
sharp corners. Burrs can be removed with a sharp scraper or a fine stone. 
This inspection is especially important in regard to oil holes in steel parts 
which are to run in babbitt, or bronze bearings. 



Fig. 609. — Clearance Drawing Showing Wright “Cyclone” Crankshaft, Camgear and 

Valve Tappet. 

Pfetons. — The pistons should be examined for scores, cracks, erosion 
and flatness of head. If cracks or severe erosion are found, or if the head 
is concave by more than % L > inch, the piston should be replaced. Light 
scores and rough spots can be smoothed over with a fine stone and kerosene. 
The clearances are shown at Fig. 608. In replacing a piston ream the wrist- 
pin bosses with a 1 >4 inch expansion reamer until the pin has .0015 inch 
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clearance. During the first run the bosses will close in on the pin leaving 
it a hand push fit when cold. 

Piston Rings. — To check the piston rings for end clearance, set a piston 
in a cylinder with the bottom end /± inch from the end of the sleeve. Then 
set the ring to be checked inside the sleeve and up against the piston. Such 
a position insures its being square with the cylinder bore. With a set of 
thickness gauges, check the clearance between the ends. If this clearance 
exceeds .050 inch, replace the ring. The piston-ring side clearance should 
be checked with the rings in position in the piston. The correct and maxi- 
mum allowable clearances are given on the clearance charts at Fig. 608. 
Examine the rings for burred edges and, if necessary, run around the edges 
of each ring with a fine stone or file. 

Scraper rings arc liable to wear in more rapidly than compression rings 
due to the higher hearing pressure exerted. If the contact surface is more 
than half the width of the face, the ring should be replaced. The sticking 
of rings in the grooves is caused by the formation of excessive carbon and 
all ring grooves, therefore, should be cleaned out. When removing the 
rings be sure to keep them in the proper order so that they can be returned 
to the same grooves from which they were taken. This practice avoids 
unnecessary labor in refitting the rings in the grooves. The rings should 
he replaced with the side having the better bearing toward the bottom. 
Rings with blowbyes or burns can usually be lapped into a good bearing 
surface. 'Phis depends largely upon the condition of the ring and the de- 
cision as to whether or not the ring can be reclaimed rests entirely with 
the inspector or mechanic. When lapping in rings use an old piston. 

New rings should be carefully fitted for both side and end clearance in 
accordance with the clearances given on the drawings. The side clearance 
is measured with a thickness gauge when the ring is in place. Re sure that 
the groove is free from carbon. The clearance can be varied by reducing 
the thickness of the ring in a grinding machine. If a grinder is not avail- 
able, a lapping plate or a sheet of fine emery cloth supported on a smooth, 
flat surface can be used. Always check the ring with a micrometer to make 
sure the thickness is the same all the way around. The end clearance of 
the new ring should be checked as described in a previous paragraph and 
the clearance varied by filing the ends of the ring. 

Piston Pins. — Piston pins should be inspected for cracks, wear and scor- 
ing. Cracked parts should be scrapped but, if the scoring or wear is not too 
serious, the pin can be smoothed with a fine stone. If a pin is replaced the 
piston bosses should be reamed out as described in the foregoing paragraph 
concerning pistons. If the old pins are too tight in the piston the bosses 
should be reamed out until the pins are a hand push fit when cold. 

Cylinders. — Inspect the cylinder bores for smoothness and, if necessary, 
touch up any scores or rough spots with a fine, round stone. Check the 
bores for roundness with special dial indicator fitting. W hen inspecting 
the valve seats it should be remembered that carbon particles on the seats 
are very often mistaken for pits in the metal. A small scraper of convenient 
s hape is very handy for determining whether or not a pit is genuine. Varia- 
tion in the color of the valve seats is an indication of the degree of valve 
tightness but does not show which is at fault, the seat or the valve. The 
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trueness of the seat can be checked by inserting the valve seat cutter WA- 
333 in place and turning it through a complete revolution. The pressure 
on the cutter should be just enough to polish the seat without removing 
a perceptible amount of bronze. It may occasionally be necessary to recut 
a valve seat, using tool WA-333, due to irregularity or eccentricity of the 
surface. This should be done carefully to remove the least amount of metal 
possible 



Fig. 610. — Clearance Drawing Showing Section Through Wright “Cyclone” Engine 

Accessory Drives. 

The valve construction and clearances are shown at Kig. 611. Valves 
can be refaced, when absolutely necessary, in a standard valve facing 
machine. The valve-seat face should never be wider than the valve 
face. If this condition occurs, the width of the valve-seat can be reduced 
by using a 30 degree cutter in the standard valve-seat cutting tool and re- 
moving that portion of the seat which extends beyond the outer edge of 
the valve. 'The width of the seat should be about } L > inch less than the 
width of the valve face. The valves may next be lapped in, using Clover 
“A” compound or its equivalent. The valves should then be tested with 
gasoline for tightness and the cylinders very carefully washed to remove 
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all traces of the grinding compound. Tt is very rarely that a valve seat 
works loose; hut if this occurs, the cylinder should be returned to the fac- 
tory for replacement of the part. 

Valve Guides. — The \ al \ e guides should he tight in the cylinder heads 
and the bores should he smooth. If loose, they should he replaced with a 
larger part and if scored, should he lapped lightly until smooth. Check the 
clearance of each valve in its guide and replace any guide in which the valve 
has clearance over the maximum limit shown on chart. Fig. Oil. The valve 
stems themselves very seldom wear, hut if a stem is rough its diameter 
should he checked, and the valve replaced if the operator holds it advisable. 
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Fig. 611 . — Clearance Drawing of Wright “Cyclone” Engine Valve Rocker and Valve. 


To remo\e a \alve guide, heat the cylinder head by directing the flame 
of a blowtorch into the \al\e port and against the valve guide boss. Every 
lew seconds the flame should he moved around o\er the outside of the port 
to avoid localized expansion and the danger of cracks. To determine the 
proper temperature for pulling the old guide or for inserting the new one 
the operator should he provided x\ ith a piece of soft solder. This should 
he rubbed against the guide at frequent intervals until it melts easily. The 
ipiide can then he pulled with tool WA-362 (intake) or WA-360 (exhaust). 
\llow the cylinder to cool down to room temperature and inspect the hole 
f or smoothness and for size. If rough, ream very lightly and remove all 
: huts. 

Check the diameter of the new guide and make sure that the correct 
i mount of shrink will he obtained. The intake guide should he from .0008 to 
0020 inch larger than the hole and the exhaust guide from .0008 to .0023 inch 
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larger. Make sure both the hole and the guide are clean and then heat up 
the cylinder as before. Coat the guide lightly with castor oil and tap it into 
position using mandrel WA-345 (intake) or WA-346 (exhaust). Hold the 
guide in place with a hammer handle until the cylinder has cooled down 
enough to grip it lightly and then strike it sharply with a liber drift and 
a hammer to set it up snugly in place. The guides are too hard to ream 
and are ground to size in the factory. The clearance on the valve stem 
should be checked against the chart Fig. 61 1 and the guide should be lapped 
out if necessary. 


WRIGHT Clearance Drawing . 

Cyclone Aviation Engine (magneto and coupling) 



Fig. 612. — Clearance Drawing of “Cyclone” Engine Magneto and Coupling. 

Sparkplug Inserts. — The threads in the sparkplug bushings should be 
clean and of the proper size, while the bushing itself should be tight in the 
cylinder. Tf the bushing is loose, drill out the two pins holding it in place 
and determine whether or not it can be used again. If the bushing threads 
are not excessively loose in the cylinder head, tighten up on the bushing, 
drill two new holes and drive in the new pins. If there is too much play, 
replace the bushing* with a new part which is a snug fil and replace the pins 
as explained in the preceding paragraph. In drilling out the old pins and 
in drilling holes for the new pins, be very careful not to go any deeper than 
is absolutely necessary. The pins are inch in diameter and %o inch 
long. Check the rocker-box studs for cracks or twisting and see that the 
intake and exhaust port flanges are tight. 

Valves. — If the valve seats are pitted or the heads are warped, consider- 
able time can be saved in lapping by taking a light cut off the faces on a 
grinding machine. Valve stems are of uniform hardness so that it is per- 
missible to remove signs of wear on the upper ends with a stone or in a 
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grinder. The stems should be inspected for wear and scores but should not 
be stoned unless it is considered absolutely necessary. The stem acquires 
a hard, glazed surface after a few hours of running and, under normal cir- 
cumstances, will keep this glaze indefinitely. Inspect the exhaust-valve 
plugs for signs of salt leakage. An exhaust valve which is cooling properly 
will have a black head and will be black almost all the way up the stem. 
If the salt has leaked out, the head will be red or brown and the stem will 
be black for only a third or half of its length. Such valves should be re- 
placed or returned for refilling. 

Valve Springs. — Inspect the valve springs for breakage. They have 
exhibited a tendency to break o IT at the ends for an inch or so where the 
wire has been ground thin. Such a condition, however, does not impair 
their efficiency in operation. Smooth off the broken ends with a stone to 
prevent wear on the retaining washers. Inspect the retaining washers for 
wear and cracks. 

Rocker Arms. — Inspect the rocker arms for cracks and signs of inter- 
ference with any of the adjacent parts. Check the clearance of the bushing 
on the steel rocker-pin sleeve against the clearance chart at Fig. 611. Ex- 
cessive clearance in any part of the rocker mechanism tends to cause ob- 
jectionable noise when the engine is idling. See that the thrust wearing 
and the thrust face of the rocker-arm bushing are smooth. Clean out all 
the oil holes with a bit of wire. 

Cam Followers. — The cam followers (tappets') should be a close fit in 
the guides in order to prevent oil leakage. Make sure that the push-rod 
ball cups are tight in the ends of the followers, that the wire circlets are 
in place, and that the rollers and pins are in good condition. The followers 
are a selective fit in the guides and the two are furnished as an assembly 
for spare parts. The clearances are given in chart at Fig. 609. Inspect the 
push rods for straightness and be sure that the ball ends are round and are 
tight in the rods. Inspect the rocker boxes for wear, cracks and signs of 
interference with any of the moving parts. If interference is found, the 
box can be relieved. 

Cam. — The cam bearing should be smooth and free from scores, nicks 
and loose babbitt. If the surface of the babbitt is rough it may be smoothed 
up with a burnishing tool, but if it is regarded as satisfactory, it should not 
be touched. If the babbitt is loose in only one or two small spots, the loose 
pieces may be removed and the edges smoothed. It is preferable, however, 
t<> replace the bearing. Replacement is accomplished by drilling out the 
detaining pins and pressing out the old bearing in an ordinary arbor press. 
Check the cam hub for smoothness and press in the new part. The clear- 
ance figures are given at Fig. 609. If the cam lobes are rough, they should 
be smoothed with a fine stone. Inspect the gear teeth for wear. 

Cam Drive Gears. — Examine the gear teeth for smoothness and wear. 
Make sure the gears are free of flaws and that the rivets are in good con- 
ation. Check the clearance of the bushings on the pin and if this is exces- 
Mve when compared to the maximum allowable clearance shown on the 
learance chart at Fig. 609 ascertain whether the wear has occurred on the 
•in or in the bushing. Make whichever replacement is necessary. 
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Crankcase. — All sections of the crankcase should be inspected for cracks, 
chafing at the parting flanges, and interference with moving parts. All 
studs should be tight. In replacing a loose stud, select an oversize part 
and turn into place, using white lead on the threads, to a height correspond- 
ing to that of similar studs. Inspect all bushings, first drill out the pins, if 
any, and heat the crankcase slightly with a blowtorch. The bushing can 
then be tapped out. 

Gears. — All gears should be inspected for wear on the teeth, as well as 
for cracks, nicks and roughness. If the fault is not serious the teeth may 
be relieved with a fine stone. 

Connecting Rodsi — Examine the connecting rods for cracks, straight- 
ness or burning. The bushings should be tight anc[ smooth and should have 
the proper clearances on the knuckle and w nstpins To replace either bush- 
ing, proceed as follows: Drill out the brass pm and push out the bushing 
in an arbor press Clean up the hole in the rod and rcmo\ e any burrs from 
the new bushing. Press the bushing into place in the rod after coating it 
lightly with castor oil or white lead. In replacing t’he wristpin bushing, 
take care to see that the oil hole in the bushing indexes with the hole in 
the rod. 

The hole for the pin should be started with a pointed drill and finished 
with a flat-end drill to a point halfway through the bushing. The pin, of 
soft brass \ ,s inch in diameter, can then be inserted in place and riveted 
until tight in the rod. Insert a mandrel in the bushing during this opera- 
tion. The hushing can then be reamed to size and the pin head smoothed 
over. 

Master Rod. — The master rod should be inspected in the same manner 
as the articulated rods. In addition, the knuckle-pin holes should be checked 
for smoothness and the knuckle-pin oil holes in the rod should be examined 
for signs of plugging The bearing should present a smooth clear surface. 

Knuckle Pins. — The knuckle pins should be round, smooth and free from 
cracks and should he a tap fit in the master rod. Make sure the oil passages 
are clear and that the aluminum plugs are tight. In replacing a plug, pro- 
ceed exactly as in replacing a connecting rod bushing. Always check the 
oil passage after re-assembling. The knuckle-pin lockplates arc supplied 
a few thousandths oversize. H a plate is to be replaced, therefore, the new 
part must be fitted by filing the edges until it is a snug fit. Mark tlm new 
plate just as the old one is marked. 

Supercharger Impeller. — Due to the high speed at which it operates, the 
supercharger impeller should be given special attention. Inspect it care- 
fully for cracks, nicks, chafing and looseness. A cracked impeller should he 
scrapped but minor faults may be corrected with a fine stone. If the im- 
peller is damaged it should be returned to the factory for repair and re- 
balancing. The shaft and hearings should be carefully checked for flaws, 
tightness and smoothness of rotation. The ball bearings on the high-speed 
shaft should have no perceptible shake. 

Intake Pipes. — Inspect the intake pipes for dents and swaging in where 
the packing presses on the lower end, and for cracks where the upper end 
is flanged out. The dents and swaging can he removed by use of a hammer 
and a proper arbor on which to hold the part. Cracks, if not too extensive, 
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can be welded up. Make sure the flauges are not bowed, and if necessary 
straighten them on a flat plate. 

Crankshaft. — The crankshaft, by reason of its importance to the engine, 
should be given special attention. Examine both sections for cracks and 
chafing. Check all the threads and splines, and, if necessary, smooth with 
a fine file. See that the oil pipe is tight, that the flaring is intact, and that 
the pipe is clean inside. Inspect the clamping surfaces for chafing and the 
clamp screw and washer for cracks. All bearing surfaces should be smooth 
and free from burrs. Ordinary roughness can be removed with a strip of 
fine emery cloth, and the journal can then be polished with crocus cloth. 
The crankshaft is built up as an assembly and the parts are not interchange- 
able. If either section must be replaced, both sections should be returned 
to the factory. If the entire shaft is replaced the clearances of the associated 
parts on the shaft should be checked against the clearances on the charts 
given at Eigs. 608 and 609 . 

Supercharger Oil Seal. — The supercharger oil seal should be inspected 
for flaws, nicks in the sealing surfaces and loose rivets. The weather should 
he soft and smooth and generally capable of maintaining a tight joint. The 
fiber bushing should be free fiom cracks and should have the proper clear- 
ance on its journal. To replace the leather in the front oil seal 21,178, 
proceed as follows; With a sharp cold chisel chip the heads off the front 
ends of the eight rnets holding the oil seal assembly. Then take a small 
punch and drive the rivets through the seal toward the rear. This should 
he done slowly and carefulh to a\oid distorting the rear ring 20.914. The 
rivets will probably stick in this ring and should next be clipped’ off and 
ground down until they are almost flush with the ring. They can then be 
lapped out of the ring. Inspect all the parts for burrs or bending and put 
in good condition. 

Thrust the new rivets through the holes in the ring 20,914 and in the 
new leather. Put the leather on with the smooth side facing the rear. Then 
assemble in place on the rear face of the oil seal plate and invert the assem- 
bly onto a block of wood which will fit the central depression of the oil-seal 
plate and wall bear against the rivet heads. Compress spring 21,176 until 
it bottoms and secure it wuth two loops of small copper w ire. These loops 
should be on opposite sides of the coil and should have the twisted ends on 
the inside to facilitate removal. 

Place the steel ring 21,179 in position on the leather and insert the com-, 
pressed spring in the steel cup. Slip the cup over the rivets and proceed 
with the riveting. Hold one rivet punch in a vise to support the rear end 
of the rivet and head o\ er the front end with a small hammer and another 
rivet punch. When the first has been headed over, start the rivet on the 
opposite side. Ahvavs select a pair of rivets, one on either side. As soon 
as the riveting has been completed, remove the wdres on the spring and 
allow it to assume its normal position. Be sure that the thrust washer 
21,179 is in its correct position. 

Accessories. — In other chapters of this book will be found instructions 
covering the inspection and maintenance of the magnetos, propeller hub 
and starter. The carburetor will be described at the end of this chapter. 
Clearance charts for the accessory drive parts are given at Eigs 610 and 612. 
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Assembly. — The successful operation of the engine is absolutely depen- 
dent upon the attention given to every detail in inspection and assembling. 
It should be constantly borne in mind that the slightest neglect on the part 
of the inspector or mechanic may result in the failure of the engine and the 
possible loss of one or more lives. 

Precautions in Assembling. — Cotter pins and lockrings which have been 
badly bent should never be used again. Great care should be taken to pre- 
vent dirt, dust, cotter pins, lockwires, nuts, washers, and other small parts 
from falling into the inside of the engine. These might work into the gears 
or oil lines and cause serious damage. The various precautions previously 
given in connection with assembly of “Whirlwind” engines in the preceding 
chapter apply to this engines as well. All parts of the cylinder, piston and 
connecting-rod assemblies are numbered, excepting the push rods, valve 
springs, and valve-spring washers. In disassembling, it will be noted that 
many other parts are numbered or marked to identify their locations in the 
engine. These marks should be also noted as the engine is assembled. 

Crankcase. — Clean the crankcase thoroughly using compressed air or a 
clean rag to remove dust and dirt which may have accumulated since the 
disassembly. Replace oil plugs and finger strainers. Safety wire where 
required. Mount the case on the assembly stand. 

Crankshaft and Master Rod. — -Clean the crankshaft and replace the 
crankshaft front bearing sleeve. This will be a light tap fit into place. 
Put the front section of the crankshaft in a vise, holding it by one side of 
the counterweight with the crankpin facing the mechanics. Lubricate the 
crankpin and master rod bearing thoroughly and slip the master rod into 
place on the pin. Be sure that the knuckle-pin lock-plate screw holes are 
facing the front of the shaft. 

Replace the rear crankshaft bearing if this part has been removed. Drive 
spreader WA-316 into the split end, oil the end of the crankpin and mount 
the rear section of the crankshaft in place. Knock the spreader out and put 
in the washer and crankcheek capscrew. Using a lead or rawhide mallet, 
adjust the position of the rear cheek until the master rod bearing has .018 
to .020 inch end clearance and the two counterweights are in line as indi- 
cated by the free fit of the crankshaft aligning bar WA-357 in the two holes 
in the counterweights. 

Check the length of the crankcheek capscrew with a pair of three- to 
four-inch micrometers and then tighten up, using wrench WA-340, until the 
length of the screw has been increased .0035 inch by the tension. While 
the screw is being tightened the aligning bar should be withdrawn from 
the front counterweight to avoid straining if the shaft is twisted during 
this operation. As soon as the screw is tight, the alignment should be 
checked again. If the bar is still a free fit in both holes, the screw may be 
cottered. Oil the rear bearing and the bronze ring in the crankcase and 
place the shaft in position in the case. When this is done, it is necessary 
for the master rod to be in line with and between the counterweights. The 
shaft is inserted at an angle until the end of the master rod has been thrust 
out of the No. 7 cylinder opening and then straightened out and dropped 
into place. 


liMi&'-iiii 



TIMING WRIGHT CYCLONE ENGINE 


1245 


Articulated Rods. — Clean the articulated rods and knuckle pins and lu- 
bricate the pins and bushings. The knuckle pins and master rod are so de- 
signed that the rear ends of the pins arc a tap fit in the rear flange and 
the front ends, which have a shoulder .010 inch larger in diameter, are a 
tap fit in the front flange. Four small lockplates each match up with the 
shouldered sides of two of the knuckle pins and prevent them from rotating. 
Insert the two articulated rods and knuckle pins which employ the same 
lockplate. The rods are numbered in the bottom of the channel near the 
knuckle pin end and the pins are numbered on the front face. These should 
index with corresponding numbers on the front of the master rod. 

The pins should be lined up by tapping until the lockplate fits in place 
(lockplates are also numbered) ; and then they should be tapped into place 
a little bit at a time until both are home. Use drift WA-315. The lockplate 
screws should then be put in and the safety wires replaced. It is of the 
utmost importance that the pins be inserted in their proper places accord- 
ing to their numbers and that they be correctly lined up and securely 
locked. Failure of any pair of holes to register will result in cutting off 
the supply of oil to the knuckle pin bearing. 

Intermediate Section. — Replace the camdrive pinion pin in the rear wall 
of the intermediate section not forgetting the key. The pin should be 
tapped in until the shoulder is hard against the aluminum and the locknut, 
20,361, should be put on the rear end. This nut should be tightened with 
tool WA-327, until the cotter-pin holes line up and the Cotter pin can be 
inserted. Oil the pin and bearing and assemble the camdrive gear and 
pinion in place. Tighten the nut on the front end of the pin and cotter. 

Assemble the tappets (cam followers) in place in the case, noting the 
numbers of the parts. As the tappets are a selective fit in the guides, this 
must be done carefully. Oil all parts before assembling, and do not forget 
the lockring at the outer end of each tappet. Oil the crankshaft front bear- 
ing, place the intermediate section in position on the front of the main 
crankcase and tap home. Make sure that the oil-return holes inside at the 
bottom are lined up with those in the main case. Tighten and safety wire 
at hold-down nuts. 

Timing. — The timing of the Cyclone engine is fixed and all the gears are 
marked to give the correct values without adjustment. Consequently, great 
care should be taken in assembling. 

Slip the camdrive gear on the crankshaft and tap home so that the two 
zeros come one on either side of the one zero on the idler camdrive gear 
which is mounted on the crankcase wall. Oil the cam hub and the cant- 
bearing sleeve and slip the sleeve inside the hub. Slide them down the 
shaft and mesh the internal gear on the cam with the drive pinion as shown 
at Fig. 613 so that the line and the zero on the cam are lined up with the 
line on the No. 1 cylinder exhaust-valve tappet. The sleeve should then be 
tapped home. The timing is then set but should be checked as soon as the 
Vo. 7 cylinder has been assembled on the engine. For this reason the as- 
embling of the front cover should be left until later. 

Cylinders. — If the valves have been ground, the greatest care should be 
aken to clean the grinding compound off the valves, ports, and valve seats, 
i^ut both valves in place and invert the cylinder over the assembly block. 
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Snap the wire circlets into place in the grooves near the top ends of the 
valves. Set the rocker boxes in place and put the nuts and washers on the 
two front studs. These nuts should be turned down until tight so that the 
slot and hole in the stud are lined up for the cotter pin. Do not use exces- 
sive force in tightening the nuts, as such treatment may result in twisting 
the studs. If alignment cannot be obtained with normal effort, another 
nut should be tried. The studs arc flat to permit bending and, consequent!} , 
do not resist twisting as well as a round stud. After the rocker box and 
the nuts are in place and cottered the studs can be checked for twisting 
by observing the direction of the cotter pin holes. 



Fig. 613. — Assembling Cam Ring on Wright “Cyclone” Engine. 


Assemble the washer, spring, and nut on the rear stud and turn 
down on the nut just far enough to permit t lie insertion of the cotter pin. 
Slip the lower retaining washer, the three val\e springs and the upper 
retaining washer into place on the \al\c. Thrust a smooth piece of bar 
stock through the rocker-pin hole and hook the end of the valve-spring 
compressor WA-300 underneath. Compress the val\ c springs and slip the 
split locks into place. Attach the push rod housings by screwing up on the 
clamp nut at the upper end. This nut should not be tightened as it has 
to be adjusted later. 

Clean the pistons thoroughly and make a last-minute inspection of the 
rings to make sure they are correctly assembled. Starting with the No. 7 
or master-rod cylinder, assemble the piston and pin in place, using piston 
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j)in drift WA-34T 'The crankshaft should he in the top center position for 
that cylinder and the piston should he put on with the cylinder number, 
which is stamped on the head, over one wristpin boss towards the front 
of the engine. 

Turn the piston ring's so that the gaps in any pair of rings are not in 
line and coat the piston and cylinder bore thoroughly with engine oil. Cover 
the cylinder flange with a light coating of soft soap to prevent oil leakage. 
I'se clamp WA-.Ul to hold the rings and slip the cylinder o\ er the piston 
as shown at Fig. (>14. Just before the bottom of the cylinder slee\e passes 
over the wristpin make sure the wristpin end plugs are both in place. 
Tighten the cylinder hold-down nuts. 'Tighten the push-rod housing 
clamps down to the case. In doing this, care should he taken nut to break 
the studs. 



Fig. 614. — Assembling No. 7 Cylinder on Wright “Cyclone” Engine. 

Wipe off the rocker-arm pin assembly and assemble in place. The 
\lemite lubricators point towards the inside of the cylinders. Tighten the 
ocker-pin nut and cotter. Dip the push-rod halls in engine oil and insert 
he push rods in the housings. Inspect the push-rod adjusting screws and 
nake sure the ball cups and circlets are in place. Insert the adjusting 
crew s in place. After No. 7 cylinder is in place the other cylinders should 
»e assembled in rotation and in a similar manner. 

Rocker Box and Valve-Tappet Clearances. — In setting the tappet and 
ocker-box clearances be sure that the piston of the cylinder in question is 
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at top center on the firing stroke. Unless this is done, it is quite possible 
for one of the tappets to he riding unnoticed on the rising part of a cam, 
causing an error in the tappet setting. To avoid the possibility of making 
this error proceed as follows: Turn the crankshaft until the valves of the 
No. 1 cylinder indicate that the piston is on top center at the beginning of 
the suction stroke. At this point both the valves will be open and the large 
spline in the shaft will be facing No. 1 cylinder. Tf the propeller is mounted 
on the shaft, one of the blades will be in line of this spline. Then turn the 
shaft through one complete revolution and set the clearances on the No. 1 
cylinder in the manner prescribed in the next paragraphs. Having done 
this, turn the crankshaft in the direction of rotation until the spline or pro- 
peller blade is facing No. 3 cylinder and set the clearances. Taking each 
in the firing order (1, 3. 5, 7, 9, 2, 4, 6, 8), repeat on the rest of the cylinders. 

To set the rocker-box clearance proceed as follows : Slack off on the 
push-rod-housing adjusting nut with tool WA-256 until the push-rod 
housing is free. With a set of thickness gauges check the clearance under 
the rear end of the rocker box and tighten the adjusting nut until a clear- 
ance of .031 inch to .035 inch is obtained. Then tighten the clamping screw. 
It is essential that this adjustment be made when both valves are closed in 
order to prevent errors caused by the forces set up when the valves are 
opening and closing. Check the tightness of the push-rod housing by at- 
tempting to shake it at the upper end. If there is any perceptible shake 
increase the clearance under the rear of the rocker box until the housing is 
just tight. It is usually possible to twist the housing even when the proper 
adjustment has been made, so this condition should be disregarded. 

After setting the rocker-box clearances, proceed as follows to set the 
valve-tappet clearances: First the push-rod end of each rocker arm should 
be tapped sharply with a hammer handle to make sure the roller is riding 
on the cam. The cam followers are fitted with very little clearance and 
are sometimes too tight to be moved easily with the fingers, thus necessitat- 
ing this operation. Loosen the clamping screw on the push-rod end of the 
rocker arm and with a large screwdriver, turn down on the adjusting screw 
until the rocker roller touches the valve plug. This point is best deter- 
mined by rocking the roller back and forth with the thumb and forefinger 
and noting the point at which contact is made. Then back off the adjusting 
screw until the arrow on top has passed ten divisions of the scale on the 
rocker arm. Each division is equivalent to a .005 inch clearance on the 
valve stem. Lock in place by tightening the clamping screw. Replace all 
the rocker box covers except those on the No. 1 cylinder. 

Checking the Timing. — For checking the timing, a timing disc is neces- 
sary and can be constructed as follows, if part WA-336 is not available: 
First cut out a disc of sheet aluminum ten inches in diameter and in the 
Center cut a hole 27 /% inches in diameter. The disc can then be slipped over 
the threads on the end of the shaft and up against the ends of the splines. 
Tap on the front side of the disc with a hammer until the end of each spline 
has been imprinted on the soft metal. Cut out these portions with a pair 
of shears, leaving a set of teeth which will fit in the splines on the shaft. 
With the disc in position at the rear end of the splines, cut and fit a pointer 
wdiose tip is near the outer circumference of the disc and w'hose base is 
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held down by nuts on the studs in the front of the intermediate section. 

Insert the top center indicator WA-293 in the front sparkplug- bushing 
and determine the top center position of the No. 1 piston. Make a mark on 
the disc at the point indicated by the pointer. Turn the crankshaft and 
observe the point of opening of the No. 1 intake valve. As in checking the 
clearance, strike the push-rod end of the rocker arm with a hammer handle 
to make sure it is down and note the point of opening by rocking the roller 
with the thumb and forefinger. Mark the point observed on the disc. 
Turn the crankshaft past top center and, in the same manner, note the point 
of closing of the No. 1 exhaust valve. Mark this point on the disc also. 
On this timing disc, 25 degrees is equivalent to 2 1 /• , inches measured along 
the circumference of the disc. If a mistake has been made in assembling 
the gears, the timing will be at least 40 degrees from these values. Replace 
the rocker box covers on the No. 1 cylinder. 

Front Section. — If the front section has been taken down, it should be 
re-assembled and the bearing well oiled. Oil the crankshaft and assemble 
this section on the engine, tapping down until home. Replace the hold- 
down nuts and washers. Oil all threads and put on the thrust-bearing nut. 
Tighten up, using spanner wrench WA-328 until the shaft has been pulled 
up into place and the nut is home solid. 

Intake Pipes. — Replace the rubber packing rings and the packing nuts 
in the crankcase and insert the intake pipes in place. Slip the gaskets at 
the cylinder-head end into place and replace the three capscrews. Then, 
using tool WA-209, screw down the packing nut. 

Inverting the Engine. — The engine must now be inverted for assembling 
the supercharger and rear sections. If a rotating stand is being used, this 
is quite simple; but, if not, it is more complicated. First lift the engine 
using hoisting eye WA-337 on the end of the crankshaft and a chain hoist. 
Then pick up the rear of the engine using another chain hoist, a wire rope 
sling and two hoisting eyes WA-236, screwed into the breather holes in the 
rear of the crankcase main section. A wooden spreader should be used to 
keep the two sides of the sling away from the No. 1 cylinder. 

Some sort of a stand for holding the engine with the crankshaft down 
should then be available. The simplest form is a cross made from two 
pieces of eight by eight inch pine about four feet long and with a hole 
through the center just large enough to receive the front end of the crank- 
shaft. This stand can be mounted on castors for convenience in moving. 
Lower the front of the engine until the weight rests entirely on the rear 
end hoist. Remove the front hoisting eye and lower on the rear hoist, 
guiding the shaft into the hole in the stand. 

Supercharger Oil Seat and Diffuser Wall. — Examine the contact sur- 
faces carefully for nicks. Shellac the surfaces and assemble the oil seal on 
the engine. The contex bushing 20,920 should first be inserted in place and 
the lockwire snapped on the forward end of the bushing. The oil seal is 
held in place by six flat-head screws which should be carefully locked in 
[dace with a center punch. Make the punch mark in the aluminum near 
one end of each screw slot so that the aluminum is forced into the slot. 
This is very important for if one of the screws starts to back out, consider- 
able damage is apt to result. 
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Supercharger Section. — Assemble slinger 20,570, bearing 20,429 and nut 
20,484 on impeller shaft 20,445 with wrench WA-309, and secure them with 
a cotter pin. Put on washer 20,460 and thrust this assembly into the impel- 
ler-shaft ball-bearing cage and assemble the cage in the supercharger sec- 
tion. Its position is determined by key 17,008. Put on nut 20,459 with tool 
WA-356 and secure it with a cotter pin. Place slinger 20,718 in position 
at the front of the housing and tap the front bearing 20,428 into place. Put 
in the nut 20,466 and tighten up with wrench WA-326 until the cotter-pm 
holes line up. Slip the rear slinger 20,461 into place and then cotter the 
nut. The impeller-shaft assembly can then be slipped into place and tapped 
home. 

The impeller is a selective fit on the splined shaft and should be re- 
placed in its original position as indicated by the marks on the ends of the 
splines. Tighten impeller retainer nut 20,684 with tool WA-318 and lock 
with setscrews 20.920. The setscrews should be carefully locked in place 
with a center punch in the manner previously described. Slip the two spac- 
ers 21,228 over the studs and assemble the supercharger section assembly 
on the engine, first making sure that the contact surfaces are clean and 
free from burrs. The supercharger section is held in place by nuts and 
washers on the two studs. "These nuts should be turned up securely with 
socket wrench WA-313 and cottered. 

Supercharger Drive. — -Tap the crankshaft-extension bearing 20,427 into 
the steel cage 20,475 and assemble the cage with the aluminum supporting 
casting 21,149. "Tighten the six fillister-head screw s and safety wire tin- 
three pairs together. Thrust the crankshaft extension 20,405 through the 
bearing and tap home. 'Tighten nut 20.565 with tool WA-311 and cotter. 
The whole assembly is then assembled onto the rear wall of the super- 
charger section, where it is held in place by six nuts. These should be 
safety wired. The supercharger and generator shaft 20,523 is splined to 
receive the three gears 20,444, 21,254 and 20,490 which are the impeller-drive, 
intermediate and generator-drive gears, respectively. The front bearing 
6,207 should be tapped onto the hub of the impeller gear before it is assem- 
bled on the shaft. The two front gears are held in place by nut 20,485 
which should be screwed up until tight and then be cottered. The shaft 
should then be set in place with the bearing resting in the cast-aluminum 
drive support and the hearing cap 20,449 tapped into place. Tighten the 
two retaining nuts and cotter. 

Rear Section. — The rear section should next he completely assembled. 
Be sure that all bushings and hearing surfaces are clean and well oiled. 
First thrust magneto dnveshafts 20,532 into place and insert the keys 
11,680. Push the drive gears 21,695 onto the shafts and secure them with 
nuts 15,882. Hold the outside gears and turn up on the nuts until they are 
snug and can be securely cottered. Then drop the two vertical driveshafts 
into place. These are identical except for the lower bevel gears of which 
the oil-pump drive gear is the larger. Slip the upper housing 20,999 into 
place, and, if they are being used, the gun synchronizers. A gasket 21,090 
is used between the housing and the cover or synchronizer. Before attach- 
ing the oil pump slip the gasket 21,383 over the studs. The pump cannot 
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he put on in any but the correct position on account of the locating dowel. 
The fuel-pump drive gear 20,498 should next be inserted in the housing 
20,556 and assembled on the engine. Gasket 18,294 is then slipped over 
the studs and the fuel pump is secured in place. 

The oil strainer rests in its housing with the open end facing the rear 
of the engine and is held down by a coiled spring. The strainer cap is pro- 
vided with a copper-asbestos gasket. The finger strainers should also be 
replaced. The installation of the strainer screen is clearly shown at Fig. 
599. Insert the main oil-pressure valve and spring inside the adjusting 
screw and screw in until it is approximately at its previous position. Re- 
place the gasket, locknut and cap. Replace the idle oil-pressure adjusting- 
screw locknut and cap. Slide the generator-dri\ e gear 20,496 into place 
on the supercharger and generator driveshaft. 

Inspect the contact surfaces for nicks and assemble the rear section on 
the crankcase. The contact surfaces of the induction-passage joint should 
he lighth coated with clean shellac The generator drive has been left off 
to enable the mechanics to guide the impeller and generator shaft into the 
hearing in the rear section. Secure the rear section with nuts around the 
outside and with the five capscrews which insure the tightness of the joint 
in the induction passage. These screws are of three different lengths but 
can lie easily assigned to their proper positions. Safety wire all screws. 

'The magnetos and carburetors have been left off tip to this time in order 
to avoid unnecessary weight when handling the rear section and may now 
he assembled on the engine. In mounting the magnetos, remember that the 
control levers point to the rear of the engine. If the two are interchanged 
(incorrectly mounted), the lexers will point to the front of the engine. 
Make sure that the felt and the springs are in place in each magneto coup- 
ling and apply a small quantity of oil to the felts. Slip the coupling over 
the gear on the magneto, press it back as far as it xvill go and turn slightly 
so that it locks in place and is out of the way. The magneto coupling is 
show'll at Fig. M2. Wipe off the bottom of the magneto and the face of the 
mounting pad and mount the magnetos in place. The coupling will par- 
tially engage during this operation. Rock the magneto back and forth until 
it slides down over the dowel and secure it with the four capscrew's in the 
base. These screw's should be lock wired together. Never strike a magneto 
with anything wooden or metallic as this has a tendency to weaken the 
magnetic strength of the armature. Assemble the control mechanism and 
check the magnetos to make sure each breaker is in the full advanced posi- 
1 ion. 

Clean the contact surfaces and the gaskets carefully and assemble the 
carburetor on the engine. Check the throttle motion and see that the 
economizer needles do not hit the studs. Insert the generator drive in place, 
tnd if desired, assemble the generator on the engine at the same time. The 
'lrivc flange is located by a dowel in the rear section. Gasket No. 20,104 
is located between the drive assembly flange and the cover or generator, 
safety wire the four nuts. 

Magneto Timing. — Raise the engine clear of the stand, using a chain 
Loist and the tw o rear hoisting eyes. Slip the timing disc on the crankshaft 
md then raise the front of the engine by means of a hoisting eye (WA-337) 
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on the forward end of the shaft until the shaft is horizontal. Assemble the 
pointer loosely on the front section studs and insert the top center indicator 
in the front sparkplug hole of the No. 1 cylinder, WA-293, and secure the 
pointer so that it indexes with the zero on the top center mark on the disc. 
Set the No. 1 piston at 30 degrees b.t.c. on the firing stroke. At this point 
both valves will be closed. (Both will have clearance.) Rotate each mag- 
neto until the marks on the distributor gear and the magneto front cover 
index and indicate that the No. 1 cylinder is firing. There are two marks 
on one side of the magneto and one on the other. Insert a piece of thin, 
oiled paper (such as that commonly used on cigarette packages) between 
the breaker points of one magneto and rotate slowly until the points sepa- 
rate and release the paper. 




Fig. 615. — Views Showing Action of Type NA-Y7A Stromberg Carburetor at Closed 
Throttle at A and Wide-Open Throttle at B. 

Insert the point of a screwdriver between the gear and the front cover 
to prevent motion of the gear and rotate the coupling until the two sets 
of gears mesh and the coupling slips into place. Repeat with the other 
magneto. Replace the papers between the breaker points and check the 
settings by rotating the crankshaft and noting the points at which the 
breakers open. The two magnetos should be synchronized within Yz de- 
gree and should be within one degree, plus or minus of 30 degrees b.t.c. 
If the setting is correct snap the lock rings 619 in place on the couplings, 
clean all traces of paper from the breaker points and replace the distributor 
blocks and breaker mechanism covers. 

Installation and Test. — The engine is then ready for installation in the 
airplane. It should be inspected as if it were a new engine in accordance 
with the instructions previously given. The run-in should be made in ac- 
cordance with the following instructions: After the engine has been in- 
stalled in the plane, it should be run-in for a period of not less than two 
hours. Additional run-in time depends on the number and nature of the 
parts replaced and rests largely with the judgment of the operator. New 
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pistons, piston rings and cylinders require the most running-in time. A 
maximum of five hours total is recommended when several of these parts 
have been replaced. Starting at about 600 r.p.m., the speed should be gradu- 
ally increased up to the last fifteen minutes, which should be run at about 
90 per cent of the full throttle r.p.m. on the ground. The plane should be 
headed into the wind during this run in order to obtain the maximum cool- 
ing effect. If the performance of the engine is satisfactory during this test 
the plane may be considered ready for flight. 

Instructions on the Stromberg Model NA-Y7A Carburetor. — The model 
NA-Y7A carburetor embodies the same basic principles throughout all 
Stromberg models and it is advisable that a thorough study be made 
of the chapter on Stromberg Aircraft Carburetors, before attempting 
to master the details of this particular one. It contains complete in- 
formation on design, construction, operation, adjustment and servicing, and 
assimilation of this information will make easy a complete understanding 
of the carburetor. Tn one particular this carburetor has an addition to the 
standard construction as previously covered. This consists of an econo- 
mizer whose primary function is to provide the proper lean mixture at 
cruising speeds with a quite rich mixture at full throttle. This mixture 
range allows of cool running with maximum power at full throttle, together 
w ith the best economy at partial throttle. 

The specification in this carburetor has been evolved after a great deal 
of painstaking effort by all parties concerned in the production and opera- 
tion of the engines and carburetors, and represents the combined result of 
much dynamometer, torque stand and flight work. The specification should 
never be changed unless absolutely necessary and then only when sufficient 
data are at hand to determine exactly the nature and extent of the change 
desired. The specification is usually given on an aluminum tag riveted to 
the carburetor. 

The carburetor has tAvo barrels of inch actual internal diameter 

with a single throttle shaft running through the two barrels. Each barrel 
has a completely separate metering system, including the idle, though they 
both feed from the same float chamber. The float mechanism is of the Y 
type wherein there are two floats in two chambers. The floats, however, 
are rigidly connected together and the float chambers are joined through 
a fuel passage so that the resulting action is that of a single unit, and the 
net effect of the construction is to maintain a constant level on the dis- 
charge nozzles regardless of the angle the airplane assumes on the ground 
or in normal flight. The mixture control, idle operation and adjustment, 
etc., are all standard. The main metering jets are located in the bosses of 
die main discharge nozzles. 

The economizer action mentioned above is actually a combination of 
devices in that aside from furnishing a rich mixture at full throttle, on a 
|uick throttle opening an extra fuel supply is put into the barrel to aid 
Lcceleration. Figures 615 A and B illustrate the economizer action, A showing 
he position assumed when the engine is idling, and Fig. 615 B at full throt- 
de. The position and action of the fuel itself is also shown by the black 
ections. The figures illustrating the economizer action do not show the 
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entirely correct detail of the actual construction, more particularly the loca- 
tion of the different parts. 'They are drawn to illustrate as simply as pos- 
sible the basic action unhampered by the actual structural requirements. 
After the principle of operation is thoroughly understood, reference should 
be made to Fig. 616 which shows the construction on the carburetor as it is. 
Tt is well also to follow the details through on an actual carburetor so that 
each part and its function are known. The fuel enters the economizer from 
the float chamber through the Economizer Metering Jet A (Fig. 615 A), 
which is of the same construction as the standard Main Metering Jet used 
in all Stromberg carburetors, and serves to meter the fuel passing through 
the economizer. By changing the size of this jet, the amount of maximum 
economizer action is regulated. The fuel, after passing through this jet, 
flows up the passage B and across to the economizer proper. It enters the 
economizer through the port (\ filling up the economizer well space in the 
float chamber as shown in the illustration. 

The economizer proper consists of two pistons, T and M, working in 
a sleeve N. The upper piston L works to regulate the air bleed to the 
economizer while the low er piston M operates on the fuel flow. The air 
bleed at practically atmospheric pressure enters the passage J from behind 
the venturi, and through the ports K, K, K, etc , passes to the interior of 
the economizer. Through the common fuel and air passage O, it goes to 
t he discharge nozzle I\ "Phis air bleed actually serves to relieve the suction 
existing at partial throttle openings so that fuel will not be drawn past the 
piston M (clearance must be allowed for the operation of the piston) or 
through the passage E As the throttle is opened, the economizer moves 
downward, being actuated by the cam lever F which is pivoted at G and 
operated by the lever and roller 11 directly connected to the throttle valve 
stem At intermediate throttle positions, the piston M has moved down- 
ward until it covers the port C as shown in Fig. 2 . It will be noted that the 
piston L has not moved downward enough to close off the air flow to the 
economizer. 

As the throttle is opened, the economizer is moved farther downward 
until at wide ojjjen throttle the position shown in Fig'. M5 B is reached. 
The fuel flows through the port C\ straight up the economizer and out the 
discharge nozzle. The piston L now' covers the air ports K, K, etc., so that 
the suction on the economizer svstem is at a maximum. The clearance 
between the piston L and its guide is great enough so that the suction on 
the economizer system is at a maximum. The clearance between the piston 
L and its guide is great enough so that there is a small air leakage past the 
piston. This air mixes with the fuel at O so that an emulsion of air and 
>uel issues from the nozzle P. 

In the above description the action of the economizer has been consid- 
ered only at fixed throttle positions. The actual movement of the econo- 
mizer is controlled by the shape of the cam portion Z-Z of the lever F. 
I bis shape is made to give a rapid motion of the economizer over the first 
part of the throttle opening, this movement gradually decreasing until over 
die last part of the opening the economizer had practically no movement. 
It is this rapid movement of the economizer which provides the added ac- 
celerating charge on quick throttle openings. As the piston M moves down- 
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ward the fuel supply in the space D is forced out and up the passage E, 
discharging through the nozzle P. This provides instantaneous operation 
regardless of the speed of throttle opening. 

Starting. — For starting the engine the general practice given in the 
chapter on carburetors is recommended. It can readily be seen that with 
the low speeds used in cranking, it is much easier to start the idle system 
to functioning than the main well. In starting, therefore, the throttle 
should be kept closed, or nearly closed, at least until the engine fires. 

This carburetor has but few moving parts to wear. It is of the plain 
tube type and the only moving parts are those of the economizer. These 
are designed for a minimum of wear and with ordinary care will last in- 
definitely. Once set for the engine the carburetor should function properly 
at all times, unless there is some actual part breakage, stoppage of fuel or 
similar failure. The throttle shaft is of brass and is held in monel bearings. 
The float pivot pins are of monel and work in bushings. There should be 
no evident wear after some hundreds of hours of service. The range of 
idle adjustment on this carburetor is in excess of that needed to care for 
any variation in engine requirements. It is effective only from extreme 
idle to' approximately 000 or 700 r.p.m. of the engine. That is to say, it is 
intentionally so designed that any specific idle adjustment required for par- 
ticular engine conditions w ill not affect the main running range. 

There is a separate idle adjustment for each barrel and the actual regula- 
tion is made by sw mging a small lever on a quadrant. Care should be taken 
in making this adjustment. Primarily it is, of course, necessary to furnish 
the engine wfith the proper mixture so that all cylinders are firing at all 
times smoothly and positively. The adjustment should be made when the 
engine is warm but the operation cold should be cared for by setting the 
mixture as rich as possible and still fulfill all engine requirements for good 
operation in a warm condition. The carburetors should at every opportu- 
nity be checked carefully to see that all parts, screws and connections are 
tight and that all controls are functioning properly. See that the packing 
gland on the altitude control valve stem is sufficiently tight to prevent air 
leakage at this point. The fuel strainer in the carburetor should be cleaned 
regularly. 

• Due to limitations of space, there is very little clearance between the 
top of the economizer stem and the carburetor attaching studs and nuts, 
when the economizers are in the raised position. See that there is no inter- 
ference at these points when the throttle is completely closed. The econo- 
mizers are carefully adjusted and locked in the proper position at the fac- 
tory. They should not be disturbed unless it is known for certain that 
they are not functioning correctly. If it does become necessary to make 
an adjustment, it should be done carefully and with a full knowledge of the 
construction and operation of each part. Both the adjusting nut on the top 
of the stem and the lock nut on the bottom of the piston are secured in place 
by spreading the economizer stem at the ends. It will, therefore, be necessary 
to use some force in unscrewing these parts and when replaced they should 
be again locked in place. 
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Overhaul. — As noted under “Bench Inspection,” in the Carburetor chap- 
ter the carburetors, at any time it is deemed necessary, may be partially 
disassembled and given a thorough inspection to determine their condition. 
It is recommended that this be done in all cases of doubt. The operation 
of the engine depends to such a large extent upon the carburetor that its 
condition should be kept at all times as nearly perfect as is possible. For 
an overhaul, the carburetor should be almost completely disassembled so 
that the condition of every part can be determined. An aircraft carburetor 
which is properly overhauled should be in exactly the same condition as a 
new one. This requires a thorough knowledge of the carburetor and pains- 
taking attention to every detail of disassembly, examination and re-as* 
scmbly. The procedure given in the chapter devoted to the Stromberg 
Aircraft Carburetor should be followed in all particulars. The illustration 
of the carburetor shown at Fig. 016 should be examined carefully, with par- 
ticular reference to the actual mechanical construction so that the disas- 
sembly and re-assembly can be properly made. The carburetors have been 
designed in so far as possible to lequire no special tools. However, as is 
necessary for all good work, the best of tools should be used and only those 
which are exactly fitted to the work. Particular care should be taken to see 
that gasket surfaces are not injured. Especial carefulness is also required 
for the proper assembly and disassembly of the float mechanism. This is 
made of sturd\ construction to stand hard service, but it is necessary for 
proper operation that it be assembled with the pivots accurately lined up, 
and the needle m its proper location at all positions of operation so that 
there is no tendency to bind. Be certain that the float does not rub on the 
carburetor walls. 

To disassemble the Model NA-Y7A carburetor, it is necessary first to 
remove the nine fillister head screws which hold the two halves of the car- 
buretor together. One of these screws is quite long, passing from the upper 
flange surface completely through the upper half. It is located immediately 
behind one of the center attaching stud holes. Sometimes these halves 
stick together after long service but will loosen easily with a few r light 
blows from a rawhide mallet on the lower half, holding the upper half 
securely m one hand. After the halves are loosened from each other, care 
should be exercised in separating them. If they are not separated by draw- 
ing the surfaces directly apart, the economizer guides may be bent. To 
remove the venturi tubes, it is necessary to first remove the economizer 
discharge nozzles from both barrels and the altitude control suction nozzle 
bom the right barrel. These nozzles screw into the upper half and are 
leached by removing the three small headless screw plugs on the outside 
surface of the casting. Then unscrew the two plugs in the bottom of the 
main discharge nozzle bosses. Unscrewing the accelerating well screw 
’'ill allow the rcnioxal of the main discharge nozzle proper and the acceler- 
ating well screw. After these are out, the accelerating well stud should be 
mscrewed from the main discharge nozzle. The location of the gaskets 
vinoved should be carefully noted so that they can be put back correctly 
| place when the re-assembly is made. Remove the strainer from the 
trainer chamber. 
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The float assembly and float needle valve can be taken out by unscrewing the 
two float fulcrum screws and removing the gasoline baffle plate. The float 
fulcrum screws should be marked so that each will be returned to the side 
from which removed. The gasoline baffle plate should also be marked to 
insure freedom from anx binding action due to reversement in assembly 
Unless it is known that the float le\cl m the carburetor is incorrect, it is not 
necessary to remove the float needle valve seat. This has been secureh 
placed in the carburetor and is set at the proper position to maintain the 
correct fuel lex el. If an examination shows that a new needle is needed, 
it will then probablx be necessary to remoxe the seat to obtain a tight lit 
with 'the new needle and to reset the level. Remoxe the idle air bleedeis 
and the idle tubes by unscrewing from the upper half. See that drilled pas 
sages are open. 

The mixture control valve is opened to inspection xxhen the cover is 
removed by unscrewing the small fillister head screws. If the mixture com 
trol valve is removed, mark carefully as each xalxc is individually fitted and 
they are not interchangeable. If the throttle valves lit accurately and the 
throttle shaft works freely in its bearings, it is not necessary to remoxe 
these. In case of removal the throttle should be marked for refitting These 
throttles are machined accurately at the exact angle they lie in the car 
buretor barrel (twenty degrees with the horizontal). 'The barrels are care 
fully finished with a reamer which is held to within fixe ten-thousandths of 
size. Tn the reaming, hoxvex er, the barrels attain diffeient degrees of heat 
and there may be slight variations in si/e. For this reason the throttles 
are each fitted individually on the original assembly Therefore, wdien re- 
moving them, mark carefully so that each throttle is returned to the proper 
barrel with the proper face up and all points on the circumference in exactly 
the same location as before removal. The hexagon head idle adjustment 
holder should be unscrewed and the assemblies removed. 

The economizers can be checked in place in the upper half and this is 
the preferable method. They should work together; that is, the positions 
should be relatively the same for each throttle position. When the throttle 
is closed, the economi/er should be in the full “up” position xxith the port 
C shoxving approximately half open bejoxv the piston II. This is determined 
by the actual construction of the economizer, the upper piston E stopping 
squarely on a shoulder, and unless the economizer has had some major in- 
jury or derangement, this position will be found correct. The movement 
of the economizer is determined bv the shape of the cam and as this is 
also accurately made and set at the factors, it will seldom be found in- 
correct. The movement of the economizer, including the operating level 
should be free and easy When the upper half is held m a normal 
position, the economizers should drop freely of their own weight. If it N 
desired to disassemble the economizer mechanism, the first operation is to 
remove the pivot screw G. This frees the lever E and the economize 
assembly is then unscrewed from the bottom of the upper half as a unit. 

Care should be taken to see that the economizer spring is not injured 
or altered. The tension in this spring is ample to care for the ordinary 
friction developed in operation but is held at a minimum consistent with 
this requirement so as to eliminate as much xvear as possible from the can 
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ever and operating roller. An excessive tension also tends to produce a 
(iff throttle action. On re-assembly the economizer must be returned to 
■ts proper location in the upper half and the adjustment made before it 
.an be fastened in position. That is, the proper adjustment cannot be de- 
ermined with the economizer removed from the upper half but must be 
made with all parts, including the cam lever, in their proper positions. The 
preferred method is to make the adjustment with all the units in place and 
i auctioning, and then to remove the economizer assembly for the fastening 
nf the adjusting nut in place. Great care should be taken to see that all 
parts are properly fitted, that the moving parts are functioning freely and 
l hat there are no injuries or misalignments which will later gi\c trouble. 
Kach economizer should be returned to the side from which removed. 

d'he re-assembly of the carburetor is of course just the reverse of the 
process given abo\e. Too much care cannot be exercised in making it. 
hven slight defects, omission of any of the numerous gaskets, injury of 
gasket surfaces, inclusion of chips or dirt or any seemingly minor error may 
cause poor < peration or a complete failure to operate. After the assembly 
of the lower half, the float level should be carefully checked following the 
directions given in the chapter on carburetors. This check should be made 
as nearly as possible under the exact conditions of head and with the same 
fuel as encountered in ser\ ice. 'The* wear on any part of the float mechan- 
ism is so minute that the float level will usually be found to be correct 
within the allowable tolerance, and resetting should be an uncommon neces- 
sity. W hen necessary, however, it should be changed without hesitancy, 
following carefully the directions given. 

In assembling the upper and lower babes of the carburetor together, 
it should be made certain that the\ lit well. It will be noted that the ven- 
turi tubes are held in place by a shoulder machined on the tube itself fitting 
into a groove m the lower half. The thickness oi the shoulder and the 
depth of the giuovc are nearly the same so that the ventuiis will be held 
lightly in place and will not move under vibration. There is a clearance 
"i two to three thousandths of an inch left between the venturi diameter 
and the bore of the carburetor. In this particular model (the NA-Y7A) 
diere are four parts (two venturis and two economizer guides) to fit closely 
mto the four corresponding machined openings. It is obvious that the 
parts must be accurately sized and in perfect alignment if the halves are to 
go together properly and easily. Check carefully to see that the venturi 
Moulders will not hold the two halves apart, for should they do so, the re- 
sulting action will be the same as that from an imperfect main body gasket. 
I he assembly of the two halves is best made hv having the venturis in 
pkice in the upper half as the assembly is started, making certain that they 
ue in the proper position to let the slots in the bottom fit over the main 

- ir bleeder arms. 

Three points of vital importance in the re-assembly of the carburetors 
c: The Main Tody Casket: This should be in perfect condition. If the 

- li-'ket is torn at any point around the float chamber or any of the mixture 
■utrol drillings, it will not only allow fuel to seep out of the carburetor, 
it will seriously interfere w ith the mixture control action. If torn or im- 
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Fig. 616 A and B. — Views from Propeller End of New Series Wright J6 “Whirlwind” Engines. View at Left is the Five-Cylinder 
Rated at 150 Horsepower; at Right, the Seven-Cylinder of 225 Horsepower is Shown. Note Mounting of Exhaust Collector Ring in 

Front of Engine. 
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perfect around the idle tubes, it will cause poor idling 1 operation and even 
cause the engine to cease firing entirely. If the gasket allows any connec- 
tion between the idle tubes and the float chamber, the engine will not run 
between 600 and 1,200 r p.m. The Idle Discharge Jets: These should fit per- 
lectly in place without forcing and should rotate freely. They are different 
m the right and left barrels and each must, of course, be returned to its 
proper side. The I'cnluri Tube: As previously covered, it is most essential 
that the carburetor halves fit securely and squarely together. If they do 
not do so, the trouble may be found in the venturi fit. 

J6 “Whirlwind’’ Series. — The Wright “Whirlwind” engine has been im- 
proved and a new series has been announced by the Wright Aeronautical 
Corporation for production during 1929. The new line comprises three 
types which are illustrated at Eigs. 616 A, 1», C and 1). The five cylinder 
is rated at 150 horsepower, the seven cylinder at 225 horsepower and the 
nmc cylinder at 200 horsepower. Like the well-known J5 “Whirlwind,” they 
are of the fixed radial air-cooled type operating on the four-cycle principle 
using domestic aviation gasoline. Differing only in respect to the camshaft 
and number of cylinders, the three models have such interchangeable parts 
as cylinders, pistons, connecting rods and crankshaft. 

The brake horsepowers given here were obtained in air at 60 degrees 
Fahrenheit and 29.02 inches barometer. In each of the three models the 
maximum fuel consumption is .55 pounds per brake horsepower per hour 
at rated power and speed. Maximum oil consumption is .025 pounds per 
brake horsepower per hour at rated power. 


Model 

cylinders 

rated power 

r.p.m. 

weight dry 

R-540. . . . 


150 hp 

....1,800.... 

. . .370 pounds 

R-760. . . . 


”5 hp 

....2.000.... 

, . . .425 pounds 

\< 975 .... 

nine 

*00 hp 

2,000.... 

. . . .485 pounds 


The above weights do not include starter, starting magneto, fuel pump 
or propeller hub. They do include carburetor, complete ignition system 
with dual Scintilla magnetos, magneto advance and retard mechanism, and 
oil pump. 

Cylinders have a bore of five inches, and the pistons have a stroke of 
five and one-half inches, giving a compression ratio of 5.1 to 1. The total 
pLton displacements of the three models are as follows: five-cylinder, 540 
Mihic inches; seven-cylinder, 756 cubic inches; nine-cylinder, 975 cubic 
niches. 

Each engine is submitted to an acceptance test as follows: running in 
until ready for preliminary test. The preliminary test consists of two 
fours at % o rated power. After this test the engine is disassembled for 
inspection and such corrections made as may be necessary. The engine 
1 - then re-assembled and submitted to a final acceptance test consisting of 
_■ hour at %o rated power and l /> hour at full rated power. During the 
• i s t y 2 hour of this test, readings of power, fuel and oil consumption are 
' ade to demonstrate that the engine meets the guaranteed performance. 

Besides being fifteen pounds lighter than its predecessor, the “Whirlwind” 
\ the 300 horsepower model is also more efficient. Head resistance has 
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Aluminum alloy pistons, cross ribbed on the under side of the head 
and fitted with full floating hollow pins are employed. The wristpin. 
which has an average diameter of % inch, subject to certain tolerances, is 
held in place by expanding spring wire locks which prevent wearing the 
cylinder walls. Wristpins and cylinder walls are lubricated bv oil spray 
from the crank and knuckle pin bearings. Piston heads are slightly con- 
cave in shape and this feature, in conjunction with the internal shape of 
the cylinder head, produces an almost perfect spherical combustion-chamher 

As is usual in Wright engines, the connecting rods are alloy steel 
forgings and consist of a one piece master rod and the articulated rods 
Wristpin and knuckle pin bushings are of bronze pressed into the articu- 
lated rods and the crankpin bearing is of anti-friction metal, steel backed 
and pressed, and dowelled into the big end of the master rod. 

The single throw, two piece crankshaft is made from alloy steel forgings 
and is counterbalanced to eliminate vibration. The crankshaft is drilled 
to provide oil passages giving positive pressure lubrication to the bearing 
surfaces. 'The overall length of the standard crankshaft is 21V.., inches. 

The valve mechanism, including the push rods, is completely enclosed, 
and the housing for the rocker arms is cast integral with the cylinder head. 
Hardened steel cam followers operate through rollers of the same material 
running on the cam ring, and push rods of hollow steel tubing fitted with 
case hardened steel ball ends actuate the forged steel rocker arms. The rocker 
arms arc carried on special ball bearings lubricated by the Alemite, or 
Zerk, pressure systems, and have provision for the adjustments necessary 
for correct valve clearances. 

Tulip shaped valves of ample area are used with a solid stem for the 
inlet and hollow stem for the exhaust \alves. The diameter of the inlet 
valve across the head is ly$ inches and that of the stem is Vj inch. The 
exhaust valve diameter across the head is 2 : ; 1( ; inches and the diameter 
of the stem is inch. Both inlet and exhaust valves have a lift of 
inch. Three springs are fitted to each valve insuring reliability as the 
valve can be operated by any one of the springs. The valve springs are 
helical and are made from special heat treated spring steel wire. 

Oil is forced to the rear of the holhwv crankshaft by a pressure pump 
and is distributed to the bearings under pressure. Excess oil drains into 
a surup located in the main section of the crankcase between the bottom 
cylinders. From the* sump, a single suction pump delivers the oil to the 
main tank in the plane, passing it through a strainer installed at a con- 
venient point outside of the engine. By this means foreign matter is 
removed from the oil, and the strainer is accessible for frequent cleaning 
No external oil pipes are used in the lubrication system. This feature 
precludes the possibility of leakage from that source and prevents excessive 
chilling of the oil in cold weather. Oil pressure is regulated by an adjust- 
able valve. 

Two flange mounted Scintilla magnetos at the rear of the engines fur- 
nish ignition for the two separately connected sparkplugs in each cylinder 
Although the magnetos normally operate simultaneously, of course, the 
engines will operate on one magneto with but a slight reduction in speed. 
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A special Stromberg carburetor of the single barrel type, mounted on 
the rear section of the crankcase, supplies the mixture which passes from 
the carburetor to the “diffuser” chamber of the crankcase. This mixture 
is distributed evenly to all cylinders by the General Electric rotary impeller 
mounted in the diffuser chamber. This positive control of the mixture, 
obtained through the particular design of the rotary induction system, 
eliminates the vibration which would result from irregular mixture distri- 
bution. A “hot spot” is provided above the carburetor which thoroughly 
vaporizes the mixture. This feature serves to insure smooth operation of 
the engine when using any of the various types of gasoline. 'The tempera- 
ture of the hot spot can be regulated from the pilot’s seat in order to obtain 
maximum efficiency and fuel economy under all conditions. Provision also 
is made to obtain a supply of clean air to the carburetor at all times. 

A fifteen ampere, fifteen \oll Eclipse generator can be installed as 
optional equipment on the R-675 and R-760 engines. The first 500 of the 
R-540 engines, however, will have no provision for generators, according 
to the present plans. After 500 are produced provision may be made for 
generators depending upon the demand indicated by the sale of the first 
500 engines While starting equipment is optional, an Eclipse iSeries six 
electric inertia starter is recommended for the R-975 engine, an Eclipse 
Series six hand inertia starter for the R-760 and an Eclipse hand starter 
Series l-HB-6, with a booster incorporated for the R-540. 

The specifications furnished by the manufacturer are as follows: 


Type . • • Air cooled, four cycle, fixed radial 

Number of cylinders (R-975) 9 

Number oi cylinders (R-760) 7 

Number of cylinders f R-540) 5 

Rnre 5 in. 

Stroke ... 5K» in. 

Displacement (R-975) 975 cu in. 

Displacement (R-760) 756 cu in. 

Displacement (R-540) 540 cu in. 

Compression ratio . ... 5 to 1 

Guaranteed lip at sea level (R-975) 300 at 2.000 r.pm. 

Guaranteed bp at sea level (R-7O0) 225 at 2,000 r p m. 

Guaranteed bp al sea level (R-540) 150 at 1.800 rpm 

Guaranteed max. fuel consumption. .55 lb per lip hr at rated hp. and speed 

Guaranteed max nil consumption . .035 lb per hp hr. at rated lip. and speed 

Length overall without slarter (R-975) 41 fir in. 

Length overall without starter (R-760) 40 fd m. 

Length overall without starter (R-540) 40^ in. 

Diameter overall 45 in. 

Weight dry ( R-975 ) 485 lb. 

Weight dry (R-760) 425 lh. 

Weight dry (R-540) 370 lb. 
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Fig. 617.— Side View of Pratt & Whitney “Wasp” Engine Showing Compactness 
Design Made Possible by Radial Disposition of Cylinders. 

QUESTIONS FOR REVIEW 

1. What t pe of supercharger is used on Wright Cvclniie engine? 

2. What i the crankshaft construction of WnghI Cyclone engine? 

3. How d >es the Cyclone differ from the ‘'Whirlwind” engine? 

4. What i the ( vclonc val\e tuning? 

5. What a e the mam c.mses of rough running uf Cyclone engines? 

6. Describe flight operation of Cyclone engine. 



CHAPTER XXXV 


PRATT & WHITNEY “WASP” AND “HORNET” ENGINES 

Description of “Wasp” Engine — Crankcase — Crankshaft — Connecting Rods — Cylinders 
— Valve Mechanism — Timing Gear — Accessory Drives — Lubricating System — 
Intake System — Accessories — “Wasp” Specifications — Wasp Engine Operation — 
Propeller — Fuel — Lubricating Oil — Proper Operating Conditions — Starting — Hard 
Starting — Ground Test — Rough Running — Oil Pressure — Oil Leaks — Treatment 
of New Engine — To Gel Best Economy — Cold Weather Operation and Starting — 
Periodic Inspection — Storage of Engine — Top Overhaul — Disassembly — Inspection 
of Connecting Rods — Removing Valves — Valve Grinding — Inspection of the Pis- 
tons — Assembling — Running In — Repair Station Tool Equipment — Complete 
Overhaul — Taking Down Crankcase — Disassembly of Accessory Section — Floating 
Gears — Disassembling Crankshaft — Rod Disassembly — Miscellaneous Parts Dis- 
assembly — Clutch for Blower Drive — Assembling Clutch — Inspection for Clear- 
ances — Pistons — Cylinders — Gears — Replacement of Parts — Assembling the 

Engine — Safety Locking Devices — Blower Section — Rear Section — Connecting 
Rod Re-assembly — Crankshaft — Assembling Rods and Shaft in Case — Timing the 
Engine — Magneto Timing — Running In — Table of Fits, Wasp Engine — Descrip- 
tion of the Hornet Engine — Operation — Inspection — Timing — Specifications, Hor- 
net Engine — Table of Fits, Hornet Engine. 

Description of the “Wasp” Engine. — The Pratt X Whitney “Wasp” 
engine has nine radial air-cooled cylinder* of 5^-inch bore and 5 ^ -inch 
stroke, and is rated 450 horsepower at 2,100 r.p.m when equipped for mili- 
tary use. Other ratings are specified for commercial operation, and in every 
case the rating of the individual engine is given on the engine nameplate. 
The unique features of this engine are its solid master connecting rod and 
two-piece crankshaft, the forged aluminum crankcase, enclosed valve gear, 
built-in supercharger, and the grouping of all accessories at the rear. These 
major features combined with painstaking manufacture make possible the 
“Wasp’s” dependability and a high performance for the airplane with which 
it is equipped. Figs. 617 to 620 inclusive show the construction and ex- 
ternal appearance very clearly. In this chapter the following definitions 
will he used: The propeller end of the engine will he called the front and 
the accessory end the rear. The direction of rotation of the crankshaft is 
anti-clockwise when viewed from the propeller. The cylinders are num- 
bered consecutively in the direction of rotation beginning with the top cyl- 
inder, which is called No. 1. The right and left sides of the engine will be 
referred to as viewed from the rear. 

Crankcase. — The main crankcase is divided into two similar sections in 
the plane of the cylinders and united by nine through holts between the 
cylinders, as well as by the cylinder flanges. With this construction the 
explosion forces are equally distributed between the two main bearings, one 
of which is carried in each section of the case. 

The NOSE, or front section of the case, is hemispherical in shape. It 
carries a deep row hall hearing which transmits the thrust of the propeller 
from the shaft to the engine mounting via the crankcase. The valve tappets 
are also carried in this section which encloses the cams and their operating 
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mechanism. The BLOWER or mounting- section supports the engine in 
the airplane and is attached to the rear of the main case. The supercharger 
is carried in this section, together with its gearing. The mixture is fed into 
an annulus from the impeller and thence to the cylinders by means of tan- 
gential pipes. The rear or accessory section of the case is attached to the 


r 



]£k ! 

Fig. 618. — Propeller End of Pratt & Whitney “Wasp” Engine, a Nine-Cylinder Radial 

Air-Cooled Form. 

blower section. It carries all the accessories, including two Scintilla mag- 
netos, an Eclipse momentum starter, fuel pump, double Stromberg car- 
buretor, oil pumps, strainer, relief valve, tachometer drive, and two syn- 
chronizer drives. Provision is also made for mounting and driving a gener- 
ator. The blower and rear sections of the case form an assembly and may 
be removed from the main case as a unit, without disturbing any of the 
accessories or their gearing. Likewise, the main and nose sections may be 
removed as a unit with the cylinders in place, leaving the blower and rear 
sections in the airplane. The sectional views at Figs. 621 and 622 show the 
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mechanical details clearly. 

Crankshaft. — The single throw, two-piece crankshaft is supported on 
three bearings. There is one roller bearing on each side of the erankpin, 
and the third, a ball bearing, just behind the propeller hub, takes the pro- 
peller thrust as well as radial load. To assemble the single piece master 
rod the shaft is divided into a forward and rear section which transmits the 
power to the propeller hub carried by it. The rear section telescopes into 



Fig. 619. — Pratt & Whitney “Wasp” Engine Viewed from Accessory End. 


the erankpin, and is carried completely through it. The two sections are 
united by a through bolt and kept in the proper angular relation by splines. 

I he sectional view at big. 621 shows the relation of the shaft to the rest 
of the engine and the crankshaft parts as they appear when that member 
is taken down are shown in photographic reproduction at Big. 623. 

Connecting Rods. — The master connecting rod has a solid instead of 
detachable cap big end. This construction makes possible high crank 
speeds which have been impossible with the two-piece rod. Babbitt-lined 
big end bushings are inserted in the rod and bear directly on the erankpin. 
bight ] section link rods arc attached to the master rod by means of knuckle 
pins. Each rod is bronze bushed for the piston and knuckle pins. Oil is 
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carried under pressure to the big end bearing, and also to the knuckle pins. 

Cylinders. — The cylinder barrels have integral fins and are machined 
from steel forgings. Each barrel is screwed and shrunk into a cast alumi- 
num cylinder head following the usual high class construction. This is a 
permanent joint and cannot be disassembled. Each cylinder has one inlet 
and one exhaust valve, seating on bronze inserts which are shrunk into the 
head casting. The proper cooling of the exhaust valve seat and stem is 
of great importance, especially in an air-cooled engine. The Pratt & Whit- 
ney engine has the valve gear housed in extensions cast on the cylinder 



Fig. 620 . — Pratt & Whitney “Wasp” Engine Viewed from Anti-Propeller End Show- 
ing Where Various Items of Piping are Attached, Location of Oil Strainers, Etc. 

head. These parts form additional radiating surface, and the one on the 
exhaust side is provided with cooling fms. As a result of this construction, 
valve grinding is said to be uecessars no oitener than every 200 to 200 hours 
of service. 

Valve Mechanism. — All valve operating parts are enclosed, "idle rocker 
arms are supported by ball bearings in the rocker housings which are part 
of the cylinder head. The eighteen tappets are located in the front section 
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of the crankcase and actuate the rocker arms through tubular duralumin 
push rods which have hardened steel hall ends. These rods arc enclosed 
by telescopic covers held in place by springs. The co\ er tubes can be col- 
lapsed In hand, and bayonet locks are pm\ ided to retain them in this con- 
dition while they are being removed. Each rocker housing has a remov- 
able cover held in place by a spring bail. These covers and the push rod 
covers and push rods can be removed without special tools. Two concen- 
tric valve springs are used, secured to the valve stem by a split cone and 
washer. Inlet and exhaust valve springs are interchangeable. The valve 
springs can be removed without taking out the rocker arms. After the 
push rod is taken out. the rocker arm can be tipped up far enough to allow 
the valve springs to pass. The valve clearance adjusting screw is in the 
end of the rocker arm over the valve. A half ball is used between the ad- 
justing screw and the valve stem to minimize friction at this point. 

Timing Gear. — The cams, which actuate all the valves, run on a sleeve 
on the crankshaft as shown in sectional view at Fig. 621. A train of spur 
and internal gears drive the cams at 1 s crankshaft speed in the opposite 
direction to the crankshaft rotation. The cam drive gear on the crankshaft 
is not keyed to the crankshaft, but to the sleeve on which the cam itself 
rotates. The front end of this sleeve has a large number of serrations 
which mesh with similar serrations on the rear end of a sleeve which carries 
the propeller thrust bearing. These two set of teeth are normally held tightly to- 
gether by the thrust bearing nut. When the engine is being timed, how- 
ever, this nut is slacked off. the two sleeves are slightly separated as shown 
at Eig. 624 and the cam can then be turned by a special wrench which has 
teeth to engage with one of the cam drive gears. After the adjustment is 
made, it is locked by screwing up the propeller thrust bearing nut. 

Accessory Drives. — 'The accessories are driven by three lay shafts wdiich 
extend entirely through the blower and rear sections. Each shaft carries 
a spur gear at its forward end. which engages with a gear attached to the 
rear of the crankshaft. The upper shaft prov ides a drive for the momentum 
starter and a generator if used. Each of the two lower shafts drives a mag- 
neto at its rear end, through a readily adjustable coupling. Besides this, 
two vertical drives are provided for by a bevel gear on each shaft. The 
upper drives are for two gun synchronizers and two tachometers, while the 
lower drives ail oil pump on the right side and a fuel pump on the left. The 
upercharger impeller shaft is in line with the crankshaft and driven from 
it at high speed by two pairs of spur gears. 

Lubricating System. — The oil pump assembly consists of tw'o gear 
pumps, one supplying oil under pressure to the engine bearings, and the 
other for scavenging. Oil is takeu from the tank by the pressure pump, 
and after passing through a strainer located just forward of the carburetor 
Is carried through the blower section, down into the sump and thence up 
mto the hub of the cam drum in the nose of the engine w here it is fed into 
the crankshaft. A relief valve to regulate the oil pressure is located beyond 
the oil screen just off the strainer chamber. The crankpin bearing, 
knuckle pins, cam drum, cam drum pinion shaft, accessory shafts, and the 
'’Upercharger gearing are all lubricated Ijv oil under pressure. Oil is taken 
from the strainer chamber by drilled passages to lubricate the accessory 
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struction of “Wasp” Engine. 
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drives. All the other engine parts are provided for by the mist or spray 
from the pressure oiled parts except the rocker arms and the magnetos. 
The surplus oil drains into a sum]) carried between cylinders No. 5 and No. 
o, from which it is returned to the oil tank by the scavenging pump. The 
discharge or warm oil is carried in a jacket around the carburetor elbow 
to prevent the throttles freezing. 

There is an external Alemite nipple on each valve rocker housing, and 
lubricant applied here supplies the rocker bearing and also reaches the push 
lod socket through a hole drilled in the rocker. There is also a similar 
nipple in each \al\e adjusting screw', to lubricate the half ball which bears 
on the valve stem. 

Intake System. — A double barrelled Stromberg carburetor is used. The 
engine has provision for driving a C-3 or C-5 Air Service type fuel pump 
which can be supplied, with both an integral pressure regulating valve and 
bypass valve for the hand pump The mixture is taken from the car- 
buretor and delivered to the cylinders by means of a General Electric cen- 
trifugal supercharger. The fuel pump, carburetor, and supercharger are 
located at the rear of the engine. A mixture control is provided which is 
effective to 25,000 feet. 

Ignition. — Tgnition is furnished by two nine-cylinder Scintilla magnetos 
located at the rear of the engine, each firing sparkplugs m all nine cylin- 
ders, thus giving two independent sources of ignition. A Splitdorf hand 
booster magneto is furnished for starting ignition. 

Starting. — \n Eclipse momentum starter can be furnished. Energy is 
stored in a small fly wheel running at high speed which furnishes power to 
start the engine. This equipment is capable of turning the propeller from 
four to six complete resolutions on one winding. 

Equipment. — Each engine is supplied with carburetor, running mag- 
netos, hot-spot mixture heater, propeller hub attachment parts, tool kit, 
starting magneto, primer pump, magneto switch, nine exhaust flanges and 
gaskets, instruction book, and shipping box. Other accessories which can 
be furnished include: Hand or electric starter; generator; fifteen Amp., 
fifteen volt, or 25 Amp., fifteen volt; fuel pump; propeller hub; gun syn- 
chronizer drives: radio shielding. 

A Splitdorf hand operated booster magneto is provided for starting and 
should be wired to the trailing brush connection (marked “TT”) on one of 
H*e main magnetos. The base or frame of the hand magneto must be 
grounded or connected to the engine crankcase in order to get the best re- 
sults. A magneto s\\ itch is supplied and has a connection for grounding the 
starting magneto as well as the main magnetos. This must be connected 
• is a safeguard against accidental starting. Seven millimeter wire is used 
-or high tension connections. 

Inspection Facilities. — 'The cowling forward of the firewall should be 
easily removable, and large inspection doors are desirable in each side of 
'he cowling just forward of the firewall to give access to the magnetos, oil 
trainer, etc. 

Controls. — The location and movements of the throttle, mixture control, 
*nd spark timing control, are shown on tlje installation drawing at Fig. 625. 

Exhaust Pipes. — The exhaust port flanges furnished with the engine are 
utended to be welded to 2 l /i inch O.D. steel tubing. 
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Fig. 622r— Sectional Diagrams of “Wasp” Engine Parts Giving Key Numbers to Accompany Tabulation of Fits and Clearances in Text. 
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Tachometer Drive. — Provision is made for two tachometer drives, one 
on each side of the engine. The connections are threaded to take the stand- 
ard swivel head so that the shafts can he brought off in any desired direc- 
tion. The driving spindles rotate counter-clockwise, looking at the engine, 
and run at one-half crankshaft speed. 

Starter. — The starter usually used is the Eclipse Machine Company’s 
Model Ml, 932. The starting crank is detachable and requires an outboard 
support or bearing where it passes through the cowling. The location of 
this support is shown on the installation drawing. A rigid rod to pull the 
starter trigger should he carried to the cockpit. This has to be pushed to 
disengage the starter, if a start is not accomplished. 



Fig. 623.— The Pratt & Whitney “Wasp” Crankshaft Taken Apart to Show Parts 

Comprising the Assembly. 

“WAS1 >M SPECIFICATIONS 


Model R — 1340 — B 

Rating (Military) 

Bated Power (doped fuel) 450 li p. 

Rated Speed 2100 rp.m. 

Rating (Commercial) 

Fuel: Grade B, domestic aviation gas of sp. gr. 

.682 or less 

Rated Power 400 li p. 

Rated Speed FAX) r.p.m. 

General Form 

Cylinder arrangement Kadial 

Number of cylinders 

Cooling Air 

Bore 5 75" 
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Stroke 


5.75" 

Piston displacement 


1344 cu. in. 

Compression ratio 


5 25 : 1 

Overall Dimensions 

Outside diameter 


505*" 

Mounting bolt circle diameter.. 

23}*" 

Total length. ... 


43}*" 

Length hack of mounting . 


1414" 

Distance from mounting to 

C. i 

ot propeller 23 iV' 

Crankcase 

Material 


Aluminum 

No. of sections 


5 

Crankshaft 

Type 


. . Single throw, two piece 

Main Bearings 


Ball or Roller 

Thrust Bearing 


1 kill Type 

Master Rod 

T y pe 


One piece 

Form of shank 


I- section 

Link Rods 

Form 


i section 

Cylinders 

Barrel 


Steel 

Head 


Aluminum 

Cooling fins 


Integral 

Valves 

Number per cylinder 


2 

Material, inlet 


. . . Tungsten or Silchrome 

Material, exhaust . . . 


.... . (NS 

Lift, inlet . ... 


i l r. " 

Lift, exhaust 


-iV' 

Diameter inlet port . . . 


2 3 h" 

Diameter exhaust port . . . 


2Vh" 

Valve Timing 

Tnlct opens 


2b° early 

Inlet closes . ... 


7o° late 

Exhaust opens 


71° early 

Exhaust closes 


.. . .31° late 

Valve Springs 

Number per valve 

. . . . 

2 

Form 



Oil Pump 

Tvpe 

■ , . 


Number of sections... . 


2 

Oil pressure 


75-100 lbs. 

Magnetos 

Make 



Number 


2 

Type 


AG 9-D 

Timing (full advanced ) . . 


30° 

Direction of rotation 
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Sparkplugs 

Type R. G. Midget No. 4 

Thread . 18 m/m 

Tachometer Drive 

Type 

Number . 

Relation 
Speed . 

Supercharger 

Make .. 

Type .... 

Carburetor 

Make 
Type . 

Carburetor Setting 

The test log sheet shipped with each engine gives details of jet and choke sizes for 
the individual engine. 

Standard Equipment and Weight 

Weight of Wasp, with magnetos and carburetor, 

hut no extras 

The following accessories arc shipped with each 
engine (weights not included in above) 

Starting magneto ( Dixie 100) . .. 

Primer 

Magneto switch .... 

Heater . . ... . ... 

Tool Kit . 

Additional Equipment 

The following accessories can he su|>plied : 

Fuel pump (C-5 type) 

Hand starter eclipse type M-PM2, including crank 

Propeller huh for metal blades 

Gun Control Drive, as specified 

Shipping Data. — Overall size of box, 56 inches by 56 inches by 50 inches. 
Weight, boxed, 1,175 pounds approximate. The method of bolting the en- 
gine to a carrier and afterwards securing that member in one half of the 
packing case is clearly shown at Fig. 627. The packing case is made in 
two halves, held together bv substantial iron bands. The method of remov- 
ing the engine from the packing case after the top half has been removed 
is clearly shown in the illustration the special sling attaching to lifting 
hooks provided for the purpose. 

Wasp Engine Operation. — For satisfactory operation it is essential that 
the engine be properly installed. In general, this is covered in the chapter 
headed “Installation” which gives the instructions for a number of engines, 
similar in general construction. A typical Wasp installation in a V ought 
( orsair fuselage is shown at Fig. 628. Aside from the proper installation, 
T is of the utmost importance to have the proper propeller setting, as well 
as the correct fuel and lubricating oil. 

Propeller. — The propeller must be set so that it will hold the engine to 
Rs rated speed at full throttle in level flight near the ground. It has been 
found in some cases that operators accustomed to slower speed engines 


(>70 lbs. 


8.1 lbs. 

.5 lbs. 

9 lbs. 

10 0 lbs. 

1 1 9 lbs. 


2 7 lbs. 
24 1 lbs 
26 2 lbs. 


Stromberg 

NA-Y7A 


Gen. Electric 
Centrifugal 


A. S Standard 
2 

Counter-clockwise 
]z crankshaft 
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have set their propellers in such a way as to restrict the maximum r.p.m. 
of the engine to considerably less than the rated speed. This is very detri- 
mental and is extremely likely to cause trouble from detonation, etc., since 
the carburetor setting and valve ignition timing have all been adjusted for 
the rated speed. Jt is equally dangerous to set the propeller to turn more 
than the rated speed in level flight, and we cannot be responsible for engines 
operating under these conditions. 



Fig. 624. — View Showing “Wasp” Cam and Serrated Cam Driving Discs Separated to 
Permit Accurate Cam Timing. 

Fuel. — The best grades of fuel should always be used. The difference 
in expense between good and bad fuel for the operation of the “Was])” or 
“Hornet” engine is a very small percent of the total cost of operating the 
airplane. It will be found that the difference in cost will be more than 
made up by freedom from trouble, increased power and lower consumption. 
The commercial “Wasp” and “Hornet” engines are designed to operate 
on Grade “B” domestic aviation gasoline or its equivalent. Unfortunately, 
no satisfactory means has been devised to determine the anti-knock value 
of fuel. This, rather than anything else, is the determining factor. In 
general, gasoline made from West Toast crude is the best, as it detonates 
less than East Coast or Mid Continent fuel. Under no conditions should 
the engine be operated on ordinary automobile gasoline at full throttle. As 
an emergency measure it is possible to fly a lightly loaded ship at part 
throttle on automobile gasoline. It will be found entirely satisfactory to 
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use fifteen to twenty per cent of benzol with any Grade “B" fuel which 
otherwise would detonate. Commercial 90 per cent benzol is all right for 
this purpose if free from acid, and it should conform to U. S. Army Speci- 
fication 2-58. The use of tetraethyl lead is not recommended on account of 
its effect on the valves and sparkplugs. If this is used, not more than 
four cubic centimeters of ethyl fluid should be used per gallon of gas. It 
is important to mix the material thoroughly, and it is best to stir the ethyl 
fluid into five gallons of gasoline and then pour this mixture into the fuel 





1280 


MODERN AVIATION ENGINES 


tank which has already been partly filled. Considerable damage can be 
done if the fuel is not properly mixed. 

In general, a iuel should meet the following specifications: Baume grav- 
ity not heavier than 72 degrees. Fifty per cent should distill off at not over 
221 degrees Fahrenheit, and the end point should not be over 374 degrees 
Fahrenheit. A rough and ready method for arriving at the relative value 
of different fuels for aircraft use is to compare the temperatures at which 
50 per cent distills off. The lower the temperature the better the fuel, and 
these figures will give some indication of the anti-knock properties of the 
various samples. The use of low grade gas will cause uneven distribution 
and overheating. Damage to the engine is sure to ensue. Furthermore, 
the fuel consumption in gallons per hour is likely to be considerably less 



Fig. 626. — Rear Elevation, Pratt & Whitney “Wasp” Engine Showing Starter an*d 

Hot Spot Heater. 

with the higher grade fuel. For the operation of engines on the military 
rating, either Grade “A” domestic aviation gasoline should be used, or 
Grade “B” with fifteen per cent benzol, and in an emergency Grade “B” 
with four cubic centimeters of ethyl fluid per gallon. 

Care should be taken to see that the fuel has no water or foreign matter 
in it, which can be accomplished by straining it through chamois. Pre- 
cautions of this kind often eliminate forced landings. The makers will be 
glad to advise all engine users on the matter of the proper fuel. In writing 
for information they should be furnished with a distillation curve of the 
proposed fuel and a statement as to the source of the crude from which it 
is refined. 
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Lubricating Oil. — It will be found that the very best lubricating oil will 
be much the cheapest in the long run. It is essential that oil of the proper 
viscosity be used, that it be free from acid, have a low cold test, and leave 
the minimum amount of carbon in the combustion-chamber. Improper 
oil is likely to result in low oil pressure, high oil temperature, the formation 
of considerable carbon and excessive oil consumption. If the engine is 
operated under extreme conditions of temperature, two grades of oil will be 
necessary. The grades required will depend a great deal on the make of 
the oils. The engine builders will be glad to advise users in regard to this. 
For ordinary conditions with air temperatures of 40 degrees to 90 degrees 
Fahrenheit, the following specifications have been found suitable: 

Flash Point (open cup) 465® F. min. 

Burning' Point 520" F. nun. 

Viscosity (Sayholt) 105-115 at 210° F. 

(corresponds to S.A K Viscosity No 60) 

Specific (Gravity 886 

Cold Test 40° F. (lower if possible) 

For cold weather, below 40 degrees Fahrenheit it may be found advis- 
able to use an oil one grade lighter than the above, having a viscosity of 
90-100. However, certain oils are now on the market which combine the 
desirable qualities of high viscosity and low cold test. For extremely hot 
weather, over 90 degrees Fahrenheit, a heavier oil is usually necessary. 
Chemical tests should be made from time to time to make sure the fuel and 
<>d continue to meet the specifications. Great care should be used in hand- 
ling the lubricating oil to prevent dirt being collected in it, as this will act 
as a grinding compound in the engine. The oil storage should be kept cov- 
ered at all times, and the oil measures and funnels cleaned before each 
using. It has been found goad practice to change the oil every fifteen or 
twenty flying hours. When filling the oil tank after it has been drained, 
turn the propeller over by hand or with the starter several complete turns, 
in order that the oil piping and pump will be thoroughly primed. 

Proper Operating Conditions. — Propeller speed, full throttle on the 
ground, usually 150 to 200 revolutions less than level flight, depending on 
propeller design. Propeller speed, level flight — the same as the rated speed 
of the engine within 50 revolutions, plus or minus. Desired oil outlet tem- 
perature, 60 degrees Centigrade or 140 degrees Fahrenheit. Maximum oil 
outlet temperature, 75 degrees Centigrade or 170 degrees Fahrenheit. De- 
sired oil pressure — 75 to 90 pounds. Minimum oil pressure, 60 pounds. 
(For all speeds above 1,200 r.p.m.) Oil Consumption, cruising at 1,700 
r.p.m., between one and two quarts per hour. Desired (minimum) fuel 
pressure, two pounds. Maximum fuel pressure — four pounds. 

Starting. — Retard the spark one-third, set the mixture control full rich, 
crack the throttle slightly open, about one-half inch on the quadrant, and 
turn the ignition switch to the “On” position. Make sure the fuel supply 
is turned on and pressure pumped up with the hand pump to at least three 
pounds. Close the adjustable nose shutter as shown at Fig. 628, insert the 
starting crank and wind up the starter. There is little danger of cranking 
the starter too fast. Enough energy should be stored up to crank the engine 
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at least two or three complete revolutions. This takes about a minute and 
the starter speed necessary will be learned after one or two trials. When 
starting stone cold, prime the engine with three or four complete strokes 
of the priming pump, lhill the primer plunger back slowly to obtain a full 
charge and push it back in rapidly to atomize the fuel. Be sure and shut 
off primer valve as engine may otherwise be flooded. When the starter 
has been wound up, quickly buzz the hand magneto and pull the starter 
trigger. If everything is in good condition, the engine should start immedi- 
ately even in cold weather. As soon as the engine starts, advance the spaik. 



Fig. 627. — Showing Method of Removing Pratt & Whitney “Wasp” Engine from 
Packing Case. Note Plate to Which Engine is Bolted for Shipment. 


When the engine is warm, two or three strokes of the primer will be 
enough. If the engine does not start immediately, do not keep priming but 
find out what is wrong. Excessive priming washes the oil from the cylin- 
der Avails and is very likely to cause scoring of the pistons and cylinders. 
The primer fuel supply should be shut ofT as soon as the engine starts. 

If the engine fails to start, check to see whether the switch is on, the 
throttle is just cracked open, the mixture control is set full rich and that 
there is actually fuel at the carburetor and at the primer; also that the 
starting magneto gives a good spark at the running magneto. If the starter 
runs down before the engine starts, the starter jaw will be left in engage- 
ment. Before the starter can be rewound, it is necessary to disengage the 
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jaw, cither hv pushing in the starter trigger or by turning the propeller 
forward a short distance. 

Idling Adjustment. — On a new installation there are two adjustments 
to be made to obtain proper idling. Mixture regulation for idling is ob- 
tained by moving the two small lever on the front side of the carburetor. 
These are moved toward each other to richcn and farther apart to lean the 
mixture. The adjustment should be made when the engine is warm and 
should be as rich as possible and still have good operation while warm. 
To adjust the idling speed, the set screw in the throttle lever is turned. 
Slower idling may be permitted with a heavy propeller than with a light 
mie. Do not slow the engine down so much that it is in danger of stalling. 

Hard Starting. — An engine in good condition should start promptly re- 
gardless of the air temperature, providing the above instructions are care- 
ful!) followed. Hard starting is often found to be caused by leak) primer 
lines or primer pump packing. All primer connections should be kept tight 
and the pump packing properly adjusted. In some installations it is neces- 
sary to operate the wobble or hand fuel pump while priming, as otherwise 
Hie primer may not receive any fuel. Another frequent cause of hard start- 
ing is that a strong spark does not reach the running magnetos from the 
starting- magneto. This can he readily checked by removing the high ten- 
sion lead from the hand starting magneto and trying it on the engine, and 
at the same time turning the starting magneto crak. The spark should 
jump from 34 inch to inch without difficulty. If it does not, it is likely 
that the insulation on the high tension wire lias been damaged, or that 
a proper ground has not been provided between the hand starting magneto 
and the engine. 

Ground Test. — After starting, run the engine slowly, in order to warm it 
up gradually, until the oil temperature has reached 1CX) degrees Fahrenheit 
or 40 degrees Centigrade. After the oil has been warmed up. the engine 
should be gradually brought up to full throttle. Before doing this, be sure 
the wheels are properly blocked and the stick pulled hack. With the throt- 
tle wide open, try both magnetos with the switch, observe whether the fuel 
pressure is between three and four pounds and the oil pressure from 75 
to 100 pounds, also the propeller speed. For ships equipped with propel- 
lers permitting a level flight propeller speed of 1,000, the ground speed of 
the propeller will be between 1,500 and 1,050 r.p.m. depending upon the 
type, of the propeller used. Do not operate the engine at full throttle on 
the ground for more than a moment or two. Continued running under these 
conditions is unnecessary, and will result sometimes in damaging the en- 
gine. In some installations the effective part of the propeller blades is so 
far removed from the crankshaft that insufficient cooling is provided for 
the engine while the plane is at rest, although the installation may he per- 
fectly satisfactory while in the air. Open the nose cow ling shutters before 

taking-off. 

Rough Running. — The usual cause for rough running, providing the 
'gnition is functioning correctly and the carburetor is properly adjusted, 

an unbalanced or fluttering propeller. The “Wasp" engine is carefully 
balanced at the factory and should run very smoothly. If it does not, the 
propeller should be inspected. First, if it is a metal propeller, the angle of 
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the blades at the same station should be carefully checked on a surface 
plate with a protractor. Next, it should be balanced on a mandrel and 
tracked. After this inspection, the blades should be observed for flutter 
while running 1 at full speed on the ground. This condition may not exist 
at low engine speeds, but becomes pronounced at full throttle. The sub- 
stitution of a propeller from another ship which is known to run smoothly 
will sometimes be found a convenient check of this situation. 

Oil Pressure. — Oil pressure should register immediately after starting. 
If there is no indication on the oil pressure gauge after 30 seconds, stop, 
check up the oil supply , and especially the oil suction pipe connections. A 
very small leak in the oil suction line will prevent the oil pump from work- 
ing properly. Do not continue running the engine unless oil pressure is 
obtained. The normal operating pressure is 75 pounds at 1,800 to 1,9(X) 
r.p.m. and at least 25 pounds idling. 
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Fig. 628. — Front of Vought “Corsair” Airplane Fuselage Showing Pratt & Whitney 
“Wasp” Engine Installed. Note Cowling with Variable Opening Shutter in Front of 

Engine. 

Low oil pressure is usually due to an air leak in the line from the oil 
tank to the pressure pump. For this reason the connections should be 
carefully checked. Be sure that an adequate amount of hose, at least an 
inch, overlaps both the pipe and the connection on the engine, in order to 
have sufficient area for the hose clamp. No adjustment is provided for the 
oil pressure, as low pressure indicates trouble in the lubricating system 
which cannot be corrected by a new adjustment of the relief valve. If the 
connections are tight and the proper kind of oil used and still the pressure 
is low, it may be due to a loose cam bearing or a loose master rod bearing. 
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These two possibilities are very unlikely, and should be investigated only 
after all other possible causes have been considered. Excessive oil con- 
sumption and fouling of sparkplugs may be due to an air leak in the pipe 
which takes oil from the sump to the suction pump on the engine. This 
will prevent proper scavenging of the crankcase. See if the flanged joints 
have good gaskets and are bolted up tight. 

Oil Leaks. — Particular care has been taken in the design and manufac- 
ture of the “Was])” engine to insure its being oil tight. Leakage is an in- 
dication of trouble and consequently should be investigated. For this rea- 
son it is strongly recommended that the engine be kept clean, so that any 
oil leakage nia) be noticed and readily traced to its source. 

The mixture control should be kept at “Full Rich” for all flying below 
5,000 feet, especially when landing. The mixture control should be used 
above 5, (XX) feet, being careful to adjust it so that the maximum rpm. is 
obtained. This can best be done by flying level with the throttle in the 
fixed position, and observing the tachometer. 

Treatment of New Engine. — Careful treatment of a new engine pro- 
longs its life, and is just as necessary as proper driving of a new automobile, 
bach engine is run approximately fifteen hours at the factory before it is 
shipped, and it is thought that a total of at least 25 hours careful running 
is desirable. During the first ten or fifteen hours of operation in the plane 
it is well to warm up the engine gradually after each start, and to stop 
gradually also, rather than shut off suddenly from full speed. During this 
period the engine should not be run wide open any more than absolutely 
necessary and sudden acceleration should be avoided. The same precau- 
tions apply to some extent at any time during the life of the engine. 

As a further aid in running a new engine, it is recommended that a pint 
of oil be added to each ten gallons of gasoline for the first ten hours of 
operation. These measures, together with careful attention to maintaining 
the proper oil pressure and frequent change of oil, will result in polishing 
all moving parts so that long and trouble free service will be rendered. 
The first ten hours in service are the most important in an engine’s life. 
The “Wasp” engine should render dependable service for long periods of 
time without disassembly, providing the engine is kept clean, properly adjusted 
and operated as recommended. It is highly desirable not to disassemble the 
engine any oftener than is absolutely necessary. Remember that most 
troubles can be overcome by external adjustment. Do not give the engine 
a complete overhaul if a “top" overhaul is all that is needed. 

To Get the Best Economy. — When cruising at an engine speed of 1,700 
r p.m. or less, it is feasible to burn quite a lean mixture and thus effect a 
saving in fuel. The mixture which gives the best economy at any given 
throttle setting is somewhat leaner than the mixture which gives the best 
power. With a propeller which allows the engine to turn 1,900 r.p.m. at 
full throttle, there is a difference at cruising speeds of about 40 r.p.m. be- 
tween “best power” and “best economy” for any particular throttle open- 
ing. This gives one a ready means of setting the controls to obtain the 
least possible fuel consumption for any desired speed. 

If it is desired to cruise at 1,650 r.p.m., for instance, adjust the throttle 
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to obtain 1,690 r.p.m. with the mixture control set for the best power or 
highest revolutions; then lean the mixture down until the speed drops 40 
revolutions, or to 1,650, leaving the throttle set as before. 

Caution: When flying at full throttle, do not attempt to lean the mixture 
any more than enough to compensate for altitude. Overheating will result 
from too lean a mixture at full throttle. At speeds between 1,850 and 1,700 
r.p.m. it is all right to run somewhat leaner ; the mixture control lever may 
be set just on the lean side of the position for best revolutions. At 1,700 
or below, it is generally possible to adjust for the best economy, always 
remembering to richen up the mixture before doing any maneuvering. Can* 
should be taken whene\er descending to a lower altitude to readjust the 
mixture control. In general upon ascending the mixture should be leaned 
out while it must be richened as the plane descends. In gliding in for a 
landing put the mixture control in the full rich position. 

Cold Weather Operation. — Special equipment and operating methods 
are necessary for satisfactory cold weather operation. Adjustable nose 
cowling and the hot spot mixture heater are necessary. The oil tank should 
be inside the cowling, and in cold weather protected from the slipstream 
In severe climates the oil sump which hangs between the two bottom cyl- 
inders of the engine should be lagged with insulating material or shielded. 
The tank and sump must both have large drains, accessibly located. Some 
of the early “Wasps’* were not provided with sump drains, and for these 
the makers can supply a sump outlet pipe with a drain plug. All oil should 
be drained from both the tank and sump immediately before the next flight. 
A lighter engine oil should be used than for warm weather. 

To insure correct readings on the engine oil pressure gauge, it is well 
to disconnect the gauge pipe at both ends and blow it out clean, and then 
fill it wdth castor oil and rc-asscmble it. The castor oil wall not congeal, and 
a pressure reading will be obtained as soon as the engine pump begins to 
function. The engine is fitted with primer nozzles on cylinders 1, 2. and 9, 
and these must be connected to the primer pump furnished. It may be 
desirable to feed the primer pump from a small separate tank wdiieh can 
be filled with a 50-50 mixture of ether and high-test gas. 

Starting. — Check over the engine while still in the hangar. Prepare for 
starting as instructed above, being sure to shut the adjustable nose 
cowling, and have the full heat supply turned on to the mixture heater over 
the carburetor. Fill the tank with hot oil and pull the prop over two or 
three times by hand. Then roll the ship outside and w ind up the starter 
to the maximum speed. Experience will tell how much priming is neces- 
sary, possibly five or six strokes. After starting idle at about 800 r.p.m. 
until the oil temperature reaches 30 degrees Centigrade or 85 degrees 
Fahrenheit. Watch the oil pressure and slop immediately if it is not at 
least 30 pounds. Warm up gradually, opening the throttle as the oil tem- 
perature comes up. When the oil temperature reaches 50 degrees Centi- 
grade, or 120 degrees Fahrenheit and the oil pressure is steady at 75 pounds, 
the engine is ready for flight. When in flight adjust the nose cowling to 
maintain the oil temperature between 50 and 65 degrees Centigrade or 120 
to 150 degrees Fahrenheit. Unless the plane is kept in a hangar at a tem- 
perature of 50 degrees Fahrenheit or more, drain the oil from the tank and 
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samp after each flight. 

Periodic Inspection. — After every ten hours flying the engine should be 
given an external inspection for loose nuts and oil connections, and oil 
leaks. The carburetor filter and engine oil filter should be cleaned. The 
sparkplug insulation should be wiped off as dirt or soot on the outside 
of the plugs can cause short circuiting. 

After every 25 hours of flying the valve rocker axles should be lubricated 
with heavy cylinder oil (not grease) by means of the Alemite gun. This 
applies also to the valve adjusting screws, which are reached by removing 
the rocker covers. Caution: Do not push the valve off its seat with the 
gretese gun as the push rod ball end may come out of its socket. Note: Do 
not force the adjusting screw ball out of its socket by forcing in too much 
oil. The upper ends of the push rods are automatically oiled from the valve 
rocker axle nipples. In order to insure proper lubrication of the push rod 
halls which rest in the tappets or cam followers, it is well to remove the 
push rods and dip them in grease such as “NO-ox-id E” and rc-assemble in 
exactly the same positions as before. Do not use anything but a high grade 
acid-free nonfluid oil for the above parts; ordinary yellow or Albany grease 
contains soap or other fillers, and is not suitable. The only other parts of 
the engine not automatically lubricated are the two magnetos. These 
should be lubricated with a good grade of medium bodied machine oil every 
25 hours of flying. Put about 40 drops in the front oiler and ten drops in 
the rear one. 

The magneto breaker points should be set with an opening of .012 inch. 
The points must be kept clean and free from oil. Keep the breaker housing 
clean and free of excess oil. The felt w r ick should be kept saturated with 
oil at all times. Oil the carburetor throttle shaft bearings. 

The proper valve clearance when cold is .010 inch for both the inlet and 
exhaust. 'Plus is measured between the valve stem and the half ball which 
pushes the valve open. It is necessary to lift up the rocker arm against 
the pressure of a light spring before the clearance gauge can he inserted. 
In checking valve clearances the engine should be turned well past the 
point where the valve closes; otherwise a false indication of clearance may 
l>e had. A box wrench for the valve adjustment lock nut and a valve clear- 
ance gauge are found in the tool kit furnished with each engine, as well as 
a tool for turning the adjusting screw. Do not try to check the valve tim- 
ing with the running clearance of .010 inch. A special adjustment of the 
valve clearance must be made before the engine can be timed. (See instruc- 
tions under ‘‘Timing the Engine. 11 ) While the covers are off for the pur- 
pose of checking clearance it is well to look at the valve springs to make 
Mire none arc broken. A valve spring can be replaced without removing 
its rocker arm. Depressing the valve with the tool provided allows one to 
'•ike off the push rod enclosure and push rod. The rocker arm can then be 
ll pped up out of the way so there is room to take out the valve spring. 

Storage. — When the engine is to lie taken out of service and put in stor- 
'."e, all dirty oil should be drained out. About one pint of clean engine oil 
diould be put in each cylinder and the crankshaft turned around several 
1 evolutions to make sure that the cylinder walls are well covered. Spark- 
plug holes should be closed either with plugs or corks, and the exterior of 
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the engine cleaned. Oil the valve rockers, the carburetor throttle shaft and 
the magneto, and also oil all external bright metal parts. If tetraethyl lead 
has been used in the fuel, work oil into all valve stem guides and grease the 
valve springs thoroughly to prevent rusting. 

Top Overhaul. — A top overhaul should not ordinarily be necessary un- 
til it is time for a complete overhauling of the engine. Before commencing 
such work the engine should be checked to see that such an overhaul is 
really required. The usual indication that an engine needs adjustment or 
possibly a top overhaul is the reduction in engine speed on the ground with 
full throttle. It should be borne in mind, in this connection, that extremes 
in temperature or barometer due either to atmospheric condition or altitude 
will affect the propeller speed sometimes as much as 50 to 100 r.p.m. and 
must be allowed for. 

First check the mixture control to make sure that the lever on the car- 
buretor is in the full rich position when the control lever in the cockpit 
is in the corresponding location. Next, check the spark advance at the 
magnetos in the same manner. At the same time check the magneto break- 
ers with the feeler gauge furnished for this purpose. The gap should be 
.012 inch. The points should be smooth and free from oil. Clean the strain- 
ers in the fuel supply line, and be sure that fuel reaches the carburetor in 
adequate quantities. The best way to determine this is to disconnect the 
pipe at the carburetor, and open the fuel valves, observing whether the 
pipe runs full of fuel or not. The valve and magneto timing should be 
checked in accordance with the instructions contained in the section on 
“Complete Overhauling.” While this is being done, examine the valve 
springs for breakage. 

After the above checking has been done, and adjustments made, if neces- 
sary, start the engine and warm it up at low speed (800 to 1.000 r.p.m.) 
until the temperature of the entering oil is at least 100 degrees Fahrenheit 
or 40 degrees Centigrade. Next, try the engine at full throttle with the 
mixture control set full rich, and the spark full advanced. Observe the 
revolutions per minute, oil pressure, which should he between 75 and 100, 
and fuel pressure, which should be between three and four pounds. Next, 
check the operation of the ignition by running first on one magneto and 
then on the other. If the ignition is found satisfactory and fuel pressure 
is three or four pounds, and the engine still does not turn up to the required 
ground speed, it is probable that a top o\ erhaul is necessary. One other 
check, however, is suggested ; after the engine lias been slopped by running 
the fuel out; and allowed to cool down for five minutes, the compression 
should be tried in the various cylinders. It will be necessary to turn the 
engine over two complete revolutions in order to test the compression in 
all nine cylinders. If this is found to be good, it is not likely that a top 
overhaul is needed and there is probably some other reason for the loss in 
revolutions. 

Disassembly. — Tools for making ordinary adjustments and minor re- 
pairs are found in the canvas tool roll furnished with each engine. A list 
of these follows and includes the following special tools: Valve Spring Com- 
pressor, Spanner for Inlet Pipe Nut, Cylinder Nut Wrench, Box Wrench 



WASP SERVICE TOOL KIT 


1289 


for Valve Adjustment Lock Nut. Valve Clearance Gauge. When only a 
top o\erhaul is required, it can he readily accomplished while the engine 
is installed in the airplane All tools are given a special number in the list 
and are referred to in the text l>v that number. 


WASP SKlvY 


Nlemite-Zeik Oil Gun .. 

PWA— 

14 

i aiburctor Jet \\ run h 

PW V— 

45 

old Ousel — (>" . 

AY A - 

32 

i ile. 1 Idl Ground . .. 

AY \— 

38 

File Pillar 

AY V- 

30 

l ik*, 3 sided ... 

AYA - 

40 

1 ile, Magneto 

AV V— 

41 

(iaiu»e. Valve Clear, mu* . 

AY V— 

35 

Hammer .... 

AY \- 

34 

Fliers, Combinations . . . 

AVA— 

31 

Fliers, thm nose . . . 

AY A - 

43 

Vnndi, Drift 

AYA- 

33 

Sriew driver — 1" 

AY \— 

30 

Screwdriver 8" . . 

AN' A — 

20 

Tool Roll. Canvas 

AN \— 

3(> 

Valve Spring, Compressor 

AN' \— 

15 


K TOOL KIT 

Valve Adjusting Screw Tool . ..PWA--140 
Wrench — 1 ‘«." and '//' openings PWA— 21 
Wrench — 1 \." and j" openings. PW'A-- 22 
Wrench, ( rescent 0” Adjustable . PW A- - 20 
Wreni h, ( \ hnder Stud Nut, and 
1 la die .. .. PWA- 25 

Wrei h, Intake Pipe Nut . .PWA- -144 
Wren:1i, Magneto Adjusting PWA— 23 
Wren, h, Moi.kex . . .PWA— 19 

Wrench, Oil Strainer and Relief 

Valve . PWA-- 24 

Wreneh, Stdlson .. . . FAN A-- 42 

Wrench, Valve Adjusting Dock 

Nut PWA-- 28 

Wrench Handle, Sparkplug . .PWA- -123 
V Vi enc h Socket, Sparkplug . ..PWA 124 


First place the airplane in a clean protected spot Dust and dirt wear 
nut more engines than am thing eke. Then remote the cowling surround- 
ing the engine. Next, the engine should be thoroughly washed off \\ ith 
gasoline before attempting any disassembl v work. With the engine thus 
prepared and some tins or boxes prmided for the parts to be removed, the 
cxlmder hats should be taken off. The push rod enclosures are removed 
by telescoping the tubes and locking them by means of a slight twist, after 
winch the valve springs should be compressed by means of the tool pro- 
\ ided in the tool kit as shown at Fig. ( >29 A. This will permit the removal 
of the push rods and enclosures. In this operation care should be taken 
that the valves are closed before trying to compress the springs. Although 
the push rods are marked at the tappet end to correspond with the cylinder 
numbers, it is best to lay them out in the order in which they are removed 
Mom the engine. It is highly desirable that they be replaced in the exact 
position from which they came, as the ball ends have been worn to a perfect 
seat. 

With the push rods removed, the next operation is to take off the inlet 
pipes. In doing this the spanner wrench provided should he used for loos- 
ening the packing at the bottom of each pipe before removing it. The pack- 
ing nut should not be entirely unscrewed. Fare should be taken in hand- 
bug these intake pipes as they are light wall tubing and readily dented. 
Lake off the oil sump which is between the two bottom cylinders. There 
ire two oil pipes which connect to the top of this casting. The rear one 
lays in the engine and the front one comes olT with the sum]). It is neces- 
iry to carefully pull the sump straight down in order to keep from bending 
f iese two pipes. 

No. 1 cylinder should always be removed last and installed first. This 
■'Under positions the master rod. A special wrench will be found in the 
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tool kit to remove the cylinder stud nuts, after which the cylinder can be 
readily removed. In doing’ this, however, care should he taken not to allow 
the piston to drop and thereby become nicked. Care should also be taken 
not to mar the bottoms of the cylinder barrels. These should be carefully 
set down on wood in order not to distort or burr the end of the barrel. Each 
piston must be brought up to the top of its stroke before its cylinder is re- 
moved. If this is not done, the scraper ring is likely to be broken in attempt- 
ing to get it out of the crankcase. 

As soon as any one cylinder has been taken off, the piston should be 
removed by pushing out the wristpin. If this cannot be readily done, the 
head or top of the piston should be slightly heated by means of a blow' 
torch, and the pin tapped out by using a fiber drift shaped to fit the wrist- 
pin plug. Care must be taken not to drive these pins with any considerable 
force. The application of more heat will expand the piston sufficiently to 
enable the pins to be removed with case. 



Fig. 629. — Use of Valve Spring Compressor to Depress Rocker Arm for Removing 
and Replacing Push Rods Shown at A. B Shows How Compressor is Used to Re- 
move Valve Spring Collar. 

Inspection of Connecting Rods. — With the cylinders removed, an in- 
spection should be made of the master connecting rod ami link rods. 1U 
moving each one, both up and down and sideways on the crankpin, a rough 
check can be made of the clearances. If these parts are in good condition, 
very little play will found in the master rod, except sideways on the pin 
The link rods, however, will feel somewhat loose, as they have normally 
.002 inch clearance on the diameter of the pin, and .006 inch to .008 inch 
sideways. Tt is advisable to try the wristpins in their respective rods. It 
should not be possible to insert more than a .002 inch feeler between the 
pin and the bushing. If more than .003 inch clearance is found, it is desir- 
able to replace the bushing. Unless the engine is particularly dirty, it E 
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not advisable to wash the rods and shafts with gasoline, as it is rather dif- 
ficult to re-oil them satisfactorily. Consequently, after the inspection, a 
large clean piece of cloth or paper should be tied around the entire crank- 
case while the cylinders are being overhauled to make sure no foreign mat- 
ter will find its way into the crankcase. 

Removing Valves, — To facilitate the handling of the valves, a block of 
wood should be secured between five inches and 5J/2 inches in diameter 
and eleven inches long, and rounded at the upper end to fit the cylinder 
dome. Care should be taken that this wood is kept clean, as chips or dirt 
will readily mar the cylinder barrels. By placing the cylinder over this 
Mock, the valves will be held shut and it will be easy to remove the valve 
springs by using the tool provided, in the manner shown at Eig. 629 B. It 
is not necessary nor desirable to remove the rocker arms to take out the 
\al\e springs. As soon as the spring has been depressed, the split cone can 
be removed and the valve washers and valve springs taken out. After this 
is (lone, the locking wire should be removed ; this will be found snapped into 
a groove near the outer end of the stem. Next, be sure that there is no 
burr on the valve stem, particularly at the edge of the lock wire groove. 
In case there is, it should be removed with a fine file before attempting to 
miiove the valves. 

An examination should be made of the valve stems and their clearance 
in the valve guides before any regrinding is attempted. Care should be 
taken not to use emery cloth on the valve stems unless absolutely necessary 
since it removes the glaze resulting from continued operation of the engine. 
The guide clearance can be checked by means of plug gauges furnished in 
the station tool equipment. If the clearance is excessive, the valve guide 
should be replaced. See the instructions contained in the section on “Com- 
plete Overhaul.” 

Valve Grinding. — Before attempting to regrind the valves, any excessive 
carbon should be removed from the cylinder heads, great care being taken 
not to mar the valve seats during the operation. The carbon should also 
be removed from the cylinder side of the valves. The valves should be 
carefully handled in order to avoid scratching or burring the seats. Valve 
grinding tools are provided for holding the inlet and exhaust valves while 
grinding. The grinding compound should be kept away from valve guides 
and cylinder bores and all traces of it should be washed away after the 
g: hiding operation is finished. 

As a rule, it should not be necessary to re-cut the valves or seats, lap- 
ping with grind compound being sufficient to put both the valves and seats 
•a good condition. After the valve grinding has been completed, the parts 
should be very thoroughly cleaned before re-assembling and the valve stems 
'hied, as well as the rocker balls, push rod balls and rocker arm bearings, 
be sure to replace the safety snap rings on all valve stems as soon as the 
Olives have been put into their guides. 

In replacing any valve springs which may be broken or rusted, use the 
‘ime type as those removed. On engines on which the lift of the inlet and 
' ^haust valves is the same, the combined inner and outer valve springs 
liould require 140 pounds to compress them to a length of 1%« inch; on 
ngines on which the lift of the inlet valve is J, « inch greater than that of 
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the exhaust, the spring pressure is 102 pounds at the same length. 

Inspection of the Pistons. — The piston rings should bear around their 
circumference, and preferably have no more than .025 inch end clearance 
when the ring is in the cylinder. Moreover, they should be entirely free in 
the ring grooves. If it is necessary to replace rings which do not meet 
these requirements, it is desirable to put the new rings in the lower grooves. 
In this way the old rings which fit the cylinders will provide proper pro- 
tection for the new rings until they are run in. I r or further instructions 
on fitting piston rings, see the section on “Complete Overhaul.” New oil 
rings should be used if the scraping surface is more than half the width of 
the ring. The wristpin should be a push fit in the piston at room tem- 
perature, or 70 degrees Fahrenheit. If it is too tight, the piston should be 
carefully reamed to provide the proper fit using the reamer m the station 
tool equipment. It should be noted that in cold weather, due to the con- 
traction of the aluminum, the pin will be tighter than normal. Before re- 
assembling the cylinders on the crankcase, an examination should be made 
of the cylinder pads on the crankcase and all burrs, etc., should be removed; 
these might cause oil leaks. 

Assembling. — To re-assetnble the engine, replace the No. 1 piston on 
the master rod with piston number facing the propeller. Carefully space 
the piston rings so that the slots on the compression rings are 120 degrees 
apart; in other words, so they are spaced equally around the piston. Sec 
that the oil scraper ring is m place, with the scraping edge toward the bot- 
tom. Next, carefully oil the piston with clean engine oil, and wipe out the 
cylinder barrel and oil it. After this is done, compress the piston rings by 
means of the ring clamp provided in the station kit, and put on No. 1 cyl- 
inder which should be carefully and completely fastened down before at- 
tempting to install the next cylinder. The hold-down nuts should be tight- 
ened down evenly all around with a wrench provided and safety wired. 
Repeat the above process for the installation of the other eight cylinders, 
and then replace the push rods in their enclosing tubes, being careful to 
put them back in the same position as they formerly had. Moreover, be 
sure that the gaskets at both ends of the enclosure tubes are in good con- 
dition and in proper position. Next, attach the intake pipes, being careful 
that the packing end of the pipe is round and smooth. The three-cornered 
intake gasket on the cylinder should be in good condition. If not, replace 
it. Do not tighten down on the packing nuts with anything but the spanner 
wrench provided in the tool kit, and note that these nuts should not be 
tightened up too tight, or damage will be done to the intake pipes. 

With the cylinders, push rods, and intake pipes in place, set the valve 
clearance to .010 inch, using the box wrench provided. It is essential to 
turn the engine half a revolution from the intake closing before attempting 
to set the tappet clearance for any particular cylinder. This will insure 
that the valves are on their scats. As there is a spring in each tappet which 
keeps the push rod engaged with the rocker arm, it is necessary to lift the 
rocker arm in order to insert the clearance gauge. It is not necessary to re- 
time the engine after a top overhaul, as the cam mechanism is not disturbed 

Before replacing the oil sump, remove the screen and clean it. Be care- 
ful that the front pipe is in place in the sump and the rear pipe in the blower 
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section, and that both are round and smooth. Do not force the sump up 
into place. The suction pipe which takes oil from the bottom of the sump 
must have a good gasket and must be bolted up tight. 

Before attempting to start the engine, the routine inspection referred 
to in the section of this chapter on “Periodic Inspection” should be con- 
ducted. 

Running In. — It is desirable to operate an engine which has been given 
a toj) overhaul for two to three hours, starting slowly and gradually increas- 
ing speed before attempting to run the engine at full throttle or fly the 
plane. This running should be done before replacing the engine cowling. 
Afterwards a check should be made for oil leaks and the tightness of all 
connections, etc. If a whole new set of rings has been used on any one 
piston, or other new parts installed, it is desirable to run the engine at 
least two hours more, and it is preferable to operate it with the least pos- 
sible amount of full throttle running for five or ten hours thereafter, in 
order that the new' parts may be properly run in and seasoned. If the 
engine turns up to its customary ground speed, and the oil pressure is be- 
tween 75 and 100 pounds at full throttle, the engine can be considered in 
good shape and ready for further service. After running in, the valve clear- 
ance should be re-checked, as the valves may have bedded in somewhat. 
The engine must be cold when the clearance is cheeked, or a false indication 
will be gi\ en. 

Complete Overhauling. — A complete overhaul should not he required 
before 300 to 4(X) hours service. Howe\er, unusual indications such as ex- 
cessive oil consumption or the finding of metal particles in the sump 
strainer may show the need for examination. Whenever it is necessary to 
make a complete overhaul, it is preferable to remove the engine from the 
ship and carry out the a\ ork on an engine assembly stand. On the other 
hand, if it is only necessary to examine the master rod or crankshaft, the 
Mower and rear sections may remain m the plane while the nose and main 
section of the case are remmed as a unit. This may be accomplished by 
first removing the propeller, the intake pipes and oil sump, and then sepa- 
rating the engine between the blower and the rear section of the main case. 
Be sure to block the wheels of the plane first and support the engine by 
the lifting hooks. 

The “Station Tool Equipment” listed below' contains all the special tools 
necessary for completely overhauling the engine. In the following pages 
‘front” refers to the propeller end of the engine, “right” means the right 
side looking at the rear of the engine. No. 1 cylinder is the top cylinder 
and carries the master connecting rod. The cylinders are numbered in 
axler 1, 2, 3, etc., counting in the direction of rotation of the engine; that 
' anti-clockwise as viewed from the propeller. The firing order is 1 -3-5-7- 
’ 2-4-6-S. Caution : Always use a fiber drift whenever it is necessary to 
separate or drive parts together. Considerable damage may otherwise re- 
'Ult. 

Complete Overhaul. — Before removing the engine from the ship, the 
Topellcr huh should be removed by pulling the locking cotter and unscrew- 
ig the propeller hub nut. A steel bar inch in diameter and about three 
4 (J t long should be used for this purpose. To lift the engine, use a sling 
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attached to the lifting- eyes behind cylinder No. 1. The engine will balance 
perfectly when supported at this point. A spreader should be used to pro- 
tect the No. 1. cylinder. After the engine has been removed from the 
ship, it should be placed on the assembly stand and thoroughly cleaned 
with gasoline before any other work is undertaken. A clean protected work 
shop is essential for a complete overhaul. Clean pans or boxes should be 


REPAIR STATION TOOL EQUIPMENT 

"II or net" 

“Wasp" 

Blower Gear Holder ... 

Cabinet, Station Tool . 

PWA— 48 

PWA— 48 
PWA— 132 

Cam Gear Holder ... ...... 

PWA— 121 

PWA— 100 

Clamp, Piston Ring .... 

PWA -49 

PWA— 13 

Drift, Exhaust Valve Guide 

. PWA— 120 

PWA— 94 

Drift, Inlet Valve Guide . . 

PWA — 95 

PWA— <15 

Drift, Piston Pin 

PWA— 12 

PWA— 12 

Lifting Eye, Crankshaft . . 

PWA— 111 

PWA— 91 

Lifting Sling ... 

PWA -37 

PWA— 37 

Plug Gauge, Exhaust Valve Guide ... . .... 

1323— T 3 

1516 — T- 10 

Plug Gauge, Inlet Valve Guide 

151/3 — T — 1 1 

1516 — T — 11 

Puller, Blower Impeller 

f»WA— 51 

PWA— 51 

Puller, Crankshaft Assembling ... .... 

PWA— 101 

PWA— 92 

Puller, Crankshaft Bearing 

PWA— 69 

PWA— 69 

Puller, Crankshaft Disassembling ... ... 

PWA— 105 

PWA— 82 

Puller, Exhaust Valve Guide 

PWA— 119 

PWA— 87 

Puller, Inlet Valve Guide 

PWA- -86 

PWA— 86 

Puller, Knuckle Pin 

PWA— 118 

PWA- 84 

Puller, Magneto Gear 

PWA— 70 

PWA— 70 

Puller, Nose .Section 

PWA — 67 

PWA— 67 

Puller Valve Rocker Axle 

I’WA— 72 

PWA— 72 

Puller, Valve Rocker Bearing ... 

PWA -73 

PWA— 73 

Reamer, Exhaust Valve Guide 

PWA— 116 

PWA— 8 

Reamer, Inlet Valve Guide 

PWA — 8 

PWA— 9 

Timing Pointer ... 

PWA— 115 

PWA— 85 

Timing Wrench 

PWB— 44 

PWB— 16 

Valve Grinding Tool, Exhaust .... 

PWA— 117 

PWA— 11 

Valve Grinding Tool, Inlet 

PWA— 10 

PWA— 10 

Valve Seating Tool 

PWB — 6 

PWB— 6 

Wrench, Blower Impeller Nut 

PWA— 50 

PWA— 50 

Wrench, Blower to Crankcase 

PWA— 52 

PWA - 52 

Wrench, Blower Gear (Ratio 10 1 7*1) 

PWA— 151 

PWA— 151 

Wrench, Crankshaft Bolt 

PWA— 106 

PWA— 93 

Wrench, Crankshaft Plug and Cam Gear 

PWA— 7 

PWA— 7 

Wrench, Crankcase Main Bolt 

PWA- 145 

PWA— 145 

Wrench, Crankcase Main Bolt Nut and Special Nut A — 561 

PWA— 142 

PWA— 142 

Wrench, Thrust Bearing Nut 

PWA— 114 

PWA— 3 

Wrench, Rocker Arm Adj. Screw Nut 

PWA— 53 

PWA— 53 

Wrench, Supercharger Drive Gear 

Wrench, Timing Adjusting and Bushing 

Additional Tools, not regularly furnished. 

PWA— 109 

PWA— 109 
PWA— 146 

Assembling Stand for Engine 

TAM— 2 

TAM— 2 

Reamer, Knuckle Pin Bushing 

PWA- -128 

PWA— 90 

Reamer, Knuckle Pin Bushing 

PWA— 130 

1010— T -2' 

Reamer, Master Rod Bearing (Old) 

Reamer, Master Rod Bearing (New) 

PWA— 110 

PWA— 46 
147 

Reamer, Piston Pin Bushing 

PWA— 129 

PWA— 89 

Reamer, Piston Pin Bushing 

PWA— 131 

1010— T— 2’ 
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provided for the parts. Next, remove the cylinders and pistons in accord- 
ance with the instructions contained in the section entitled “Top Overhaul.” 
For this work the crankshaft- should be vertical. Unscrew the thrust bear- 
ing nut, No. 1,019, by means of the special wrench provided in the service 
kit, and remove the thrust cover. Next, remove the twenty nuts which 
fasten the front section to the main section of the crankcase. It will then 
be possible to remove the nose section, together with the thrust bearing 
which is carried in it, by using the puller which fits over the end of the 



>g. 630. — Method of Removing “Wasp” Engine Crankshaft and Connecting Rod 
Group from the Crankcase. 
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crankshaft and fastens onto the studs in the front of the nose section. Do 
not drive on the \alve lappet guides when trying to remove the nose section 
nor pry underneath the llangc connecting it with the main case with screw' 
drivers. 

After the nose has been removed, it will be possible to slide off the tim- 
ing sleeve. No. 1,534, and take out the crankshaft key. If the sleeve doe 1 - 
not come off readily, it may tapped off bv means of a fiber drift and ham- 
mer. As soon as this has been removed examine the shaft for burrs and 
remove them before endeavoring to slide the cam off the shaft. With the 
cam removed, the oil distributor bracket xvill be exposed. This may hi 
taken off by undoing the six nuts. Care must be taken to unfasten the oil 
pipe bracket, which acts as an additional fastener for the distributor casting 

Taking Down Crankcase. — The main crankcase may now be split bv 
removing the nuts from the lime through holts between the cylinders and 
gently tapping the bolts back as far as they will go. Do not drive these 
holts against the blower section. The forward section of the main case 
may now he lifted off the shaft. It will probably he necessary to tap on 
two opposite sides of the ease with a fiber drift and hammer while the case 
is being lifted, 'bake pams to draw the case off straight so as not to cramp 
the bearing. 'The crankshaft may now be removed, preferably bv screwing 
the lifting' eye into the forward end of the shaft and lifting the whole assem 
bly by means of a hoist as shown at Kig. (>3(). The same lifting eye max 
also he used, if it is necessary to lift the complete engine with the shaft in 
a vertical position. The next operation is to remove the nuts which attach 
the main case to the blower section and take oft the mam case. 

Disassembly of Accessory Section. — The accessory section should never 
he disassembled unless it contains some known defect. All the gears may 
be examined by removal of the fuel and oil pumps after the mam ease has 
been dismantled. The supercharger impeller may he inspected by remov- 
ing the four screw plate on the intake elbow above the carburetor. If a 
complete disassembly is necessary, turn the assembly stand so the acces- 
sories are in their normal position, then remove the magnetos, starter and 
carburetor and take off the magneto drive hearing covers. Next remove 
the three drive shafts as follows: 

The starter jaw is held on by a nut at the rear end. Remove this nut 
and tap the shaft out toward the front. Each magneto shaft coupling 1 ^ 
held on by a cap screw in the rear of the shaft. Removal of the coupling 
and taking out the key allows the shaft to be pushed out forward. Re- 
moval of the fuel and oil pumps with their bevel gears will permit the mag- 
neto shaft bevel gears to be taken out. The gun synchronizer coupling- 
are screwed on their shafts and held by straight pins covered with spring 
steel snap rings. These shafts are taken out through the pump openings 
With the shafts out, turn the rear section uppermost and it may then he 
unbolted from the blower and these two parts separated by tapping vwth 
a soft hammer. Do not pry apart with screwdrivers. ( are must he taken 
to draw the rear section straight up because the three accessory shaft husk 
ings which are pressed into the rear section also fit in the blower section 
When setting the rear section down, avoid resting it on the projecting o': 
pipe. 
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The Wasp engine can be fitted with blower gearing of different ratios, 
according to the purpose for which the engine is used. The earlier engines 
have 5:1 ratio nonfloating gears. All engines rated at 450 horsepower 
have 7:1 ratio gears with a floating drive gear. In handling the 5:1 non- 
lloating gears, proceed as follows: To disassemble the blower gearing take 
out the impeller nut pin and unscrew the nut with the fish tail screwdriver. 
This nut has a left hand thread. Use the special tool provided for holding 
the gears as shown at Fig. 631. Do not insert a screwdriver between the 
teeth for this purpose. Take off the impeller, using the special puller. The 
aluminum co\ er over the blower shaft bearing may now be removed. 



fug. 631. — “Wasp” Engine Blower Gear Holder in Use to Hold Blower Gears Sta- 
tionary While Impeller Nut and Bearing Retaining Nuts are Applied or Removed. 

I lie blower intermediate shaft rear nut should be taken off, followed 
■'Y the front nut on the same shaft. The blower gear holder is used 
during this operation, as well as when removing the blower nut. The 
double gear is now free and can be taken out, after which the intermediate 
'diaft may be withdrawn. Removing the front nut from the blower impeller 
"'haft allows this shaft to be taken out towards the rear, together with one 
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of its bearings. In order to remove the other bearing it is necessary to take 
out the bearing cage. To do this, press out the cage with an arbor shaped 
to fit it. Tf the cage is excessively tight, apply a gentle heat to the boss 
When replacing the cage, the slot in its rear edge must be lined up with the 
slot in the blower section. Caution: Excessive heat will spoil the bearing. 

Floating Gears. — In the floating gear assembly, the crankshaft gear 
does not comprise two spur gears as in the solid drive, but has a single 
gear which takes care of the starter and magneto drives. On the inside of 
this gear are clutch teeth which engage the blower driving gear. The 
driving gear is independent of the crankshaft and floats on its own bronze 
bearing, supported by the blower section of the crankcase. Removing the 
six screws on the face of the bearing will allow the bearing and gear to be 
withdrawn. 

To remove the nuts on the impeller shaft and the intermediate shaft, 
fix the gears in position with the “Blower gear holder” shown at Fig. 631 
which has internal teeth to slip over the intermediate pinion. If the inter- 
mediate shaft should turn in its gear, it mav be held by means of the slot 
in one end. The intermediate shaft has to be driven out of the double gear 
(forward) before the gear can be taken out of the case. The gears and 
bearing should not Show excessive’ wear. The impeller should be a good 
fit on the sphned shaft. Make sure the oil drain holes and grooves are 
open. Test the passage which supplied oil to the blower gears and espe- 
cially the oil feed 1o the floating gear bearing. 

The oil strainer and oil pressure relief Aalve should be taken out and all 
oil passages in the rear section thoroughly cleaned. The sump strainer 
should be removed and the sump cleaned out, as well as the pressure oil 
pipe which passes through the sump. Disassemble the oil pump and see 
whether excessive wear calls for replacement of any parts. 

Disassembling Crankshaft. — This engine has a one-piece master rod 
and a two-piece crankshaft. To remove the master rod the crankshaft is 
best held while working on it by grasping the front counterweight in a 
soft-jawed \ ise, as shown at Fig. 632 A. The accessory drive gear should 
then be removed from the rear end of the shaft by unscrewdng four cap 
screw s found inside the gear. The rear roller bearing may then be taken 
oil, using the puller provided, as shown at Fig. 632 B. The crankshaft is 
fastened together with a through bolt secured by a cotter pin located near 
the head. Take out the cotter pin and unscrew the bolt using the special 
box w'rench. It will be noticed that there are tw r o separate threaded por- 
tions of the crankpin. After the bolt is unscrewed a certain distance, it will 
be free in the crankpin but cannot be removed until it is screwed back 
through the second thread. 

Two special screws are provided for use in separating the two parts of 
the shaft. The smaller of these is designed so it can be screwed into the 
forward end of the crankpin without retpiiring the removal of the front 
main bearing. Screw this piece in until all its threads are engaged, but no 
further. Now insert the larger screw in the opposite (rear) end of the 
crankpin after oiling it thoroughly. Screwing up this large screw will force 
the shaft apart. Be careful to avoid dropping the rear section w'hen the 
shaft comes apart. 
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Rod Disassembly. — Remove the rod assembly and place on a clean cloth 
or paper for examination. If the master rod bearing is in good condition, 
and the link rods have the required clearance, it is strongly recommended 
that the assembly be not disturbed, except for thoroughly washing. Should 
it be necessary to remove the link rods, first remove the four locking plates. 
When these plates have been taken off, the knuckle pins may be pulled out 
one at a time by using the knuckle pin puller furnished. 

Miscellaneous Disassembly. — Valve springs can be taken off without 
removing the valve rockers. The rocker arms should not be disassembled 
unless absolutely necessary. For the remo\al of the rocker arms two pull- 
ers are furnished, one for removing the bearing and one for pulling the 
pin out of the valve rocker. Section A-A of the engine assembly drawing 
at big. 621 show’s the construction of the rocker shaft. Remove the central 
bolt and apply the bearing puller on the side nearest the shoulder of the pin 
(the right hand side in the sectional drawing). Pull the rocker and bear- 
ings over until the rocker touches the housing. Removing the puller will 
expose one bearing, which should be taken off. Now use the other puller 
to remove the pin from the rocker. 

Each tappet has an internal spring which acts to raise it off the cam. 
In order to remove a tappet it is necessary to push it in as far as it will go 
and take out the roller pin and roller. The tappet and guide can then be 
removed. To take the tappet out of the guide it is necessary to remove 
the pin which holds the tappet spring. It should not be necessary to re- 
move the tappets from the front section unless excessive wear is evidenced. 

The intermediate cam gears, part Nos. 1,009 and 1,548, should be re- 
moved from the front main crankcase so the bushing can be examined for 
wear. The retaining nut is secured bv a cotter pin inside the gear hub, and 
a special wrench, No. PWA-7, is used for this nut, while the gear is held 
by PWA-100. Mow out the oil passage in the crankcase to make sure it 
is clear. 

Clutch for Blower Drive. — The high rotative speed of the blower im- 
peller gives it considerable flywheel effect in spite of its light weight. To 
absorb any shocks due to sudden changes of speed, a slipping clutch is pro- 
vided betw een the crankshaft and the floating gear wdiich drives the blower. 
The clutch is assembled inside the crankshaft gear as shown at Fig. 633 
and comprises: 2,144, a steel plate to provide a wearing surface; 2,208, 
a toothed bronze piece piloted in the crankshaft gear, forming the driven 
member of the clutch, and wdiich drives the floating blower gear by its 
teeth ; 2,203, a thin steel plate keyed to the driving member ; 2,204, a thin 
bronze plate keyed to the toothed piece ; 2,207, a steel plate which presses 
the other plates together and which is keyed to the crankshaft and has a 
pilot in the central hole of the crankshaft. A spring, 2,120, exerts pressure 
on 2,207, and is anchored by a bolt, 2,143, screwed into the rear crankshaft 
from the front side. 

To disassemble the clutch, undo the small nut at the rear and remove 
the spring. The plates wdll stick together on account of the oil on them. 
The puller PWA-153 should be screwed into part 5 which can be taken 
out by a direct pull or by screwing the puller all the way in until it hits a 
shoulder on the central bolt and jacks the plate out. 
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from the “Wasp” Crankshaft. 
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An oil jet in the crankshaft (see drawing) lubricates the clutch, and 
should be checked to see that the passage is clear. The central bolt need 
not be removed from the shaft. Note, however, that if for any reason this 
bolt should be replaced, it must be locked in place by punching the flange 
into a small countersink in the crankshaft. After the clutch parts have 
been taken out of the crankshaft gear, the latter may be removed by taking 
out the flat head screws which hold it to the crankshaft. The various parts 
then appear as shown at Fig. 634.. 
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Fig. 633. — Assembly Drawing of “Wasp” Supercharger Drive Clutch. 

Assembling Clutch. — The various parts should be inspected to see that 
die friction surfaces are smooth and that there is no noticeable wear on the 
keys which prevent turning. The teeth which engage the blower drive gear 
diould be examined. After making any necessary replacements, clean and 
)il the parts and put them together in the reverse order to disassembly, 
having first assembled the two halves of the crankshaft and put on the rear 
bearing and gear. Be sure to put in the spacer that goes inside the spring, 
md screw the nut up tightly against this spacer. The length of the spacer 
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detei mines the spring pressure and hence the holding power of the clutch. 
Before putting the crankshaft in the engine, however, it is well to check 
the clutch as follows : 

Hold the crankshaft in a soft-jawed vise so that the clutch overhangs 
the edge of the bench as shown at Fig. 635. To turn the clutch it is neces- 
sary to have a gear similar to the floating blower gear, with a lever arm 
attached to it. (See photo at Fig. 635 ) With the arm horizontal, the clutch 
should sustain a 50 pound weight hung at a distance of 27 inches from the 
center of the crankshaft; this is a turning moment of 112^1 pounds-feet. 
The clutch should be tight enough so that with the lever slightly above 
the horizontal and the weight hanging as above, striking the top of the 
lever with the hand will cause the weight to fall a couple of inches and then 
stick again. Tf it is necessary to increase the tension of the clutch spring, 
take out the spacer which goes inside the spring, and face it off slightly, 
keeping the ends square. Before testing the clutch it is well to take hold 
of the lever arm and work it back and forth, to squeeze out surplus oil. 



Fig. 634. — Supercharger Drive Clutch of “Wasp” Motor Taken Down to Show Parts. 

Inspection. — After disassembly, all parts should be thoroughly cleaned 
and laid out in groups on a clean bench for inspection. As the parts are 
examined, make a list of all defects and all parts that are to be replaced. 

Connecting Rods. — The link rod bushings should be examined for ex- 
cessive wear or roughness. The maximum clearance to be allowed is .003 
inch on the piston pin bushing and .0025 inch between the knuckle pin and 
its bushing. The side clearance between the master rod and the link rod 
should not exceed 010 inch. If excessive wear is shown or if the bushings 
are scored or scratched, they should be replaced. The surface of the knuckle 
pins should be smooth. Any slight roughness can be stoned down but deep 
scratches indicate that the pin should be replaced. Make sure that the oil 
plugs inside the knuckle pins are tight and without any evidence of leaking. 
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The maximum clearance between the master rod bearing- and the crankpin 
is .003 inch, and the end clearance of the master rod should not be more 
than .020 inch. Blow out the oil passages in the master rod. 

Crankshaft. — The crankshaft screw oil plugs should be taken out so that 
the inside of the shaft can be cleaned. Examine both crankshaft main bear- 
ings for wear. The cam driving gear and the cam slee\e should be a slip 



Master rod and 
link rod assembly 



Fig. 635. — Method of Testing Holding Power of “Wasp” Motor Supercharger Drive 

Clutch. 


Ht on the crankshaft so that the timing adjustment can be made when the 
engine is re-assembled. If there is any roughness, smooth up the shaft with 
a fine stone. A hardened steel washer is used between the two halves of 
the crankshaft. Any roughness on the face of this washer or on the corre-. 
^ponding- part of the crankshaft should be removed with a fine stone. 

The cam hub should have a clearance of not over .006 inch on the crank- 
shaft sleeve. The outside of the cam hub runs in the oil distributor bearing. 
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If the surface at this point has been cut by dirt in the oil, it should be 
smoothed up. No greater clearance than .010 inch on the diameter should 
be permitted at this point. Examine the internal gear of the cam for wear. 
Examine the propeller thrust bearing which goes on the forward part of 
the crankshaft and if there is any looseness it should be replaced. See the 
section headed “Clutch” for information on the clutch parts. 

Pistons. — The pistons should be carefully cleaned and examined. The 
wristpin should be a push fit at room temperature, or 70 degrees Fahren- 
heit. If it is too tight, the piston should be carefully reamed to provide the 
proper fit with the reamer in the station tool equipment. In this connection, 
it should be noted that in cold weather, due to the contraction of the alumi- 
num, the pin will be tighter than normal. Examine the wristpin bosses 
for cracks. The piston rings should bear around their entire circumference 
and preferably have no more than .025 inch end clearance while in the cyl- 
inder. Moreover, they should be entirely free in the ring grooves. A con- 
venient method of checking the end clearance of a ring is to put a piston 
in the cylinder and then put the ring in place against the end of the piston 
This will make it easy to insert a feeler in the ring gap and determine the 
exact clearance. If it is necessary to replace rings which do not meet these 
requirements, it is desirable to put the new rings in the lower grooves. In 
this way, the old rings which fit the cylinders will provide proper protection 
for the new rings until they are run in. New oil rings should be used if 
the scraping surface is more than half the width of the ring. Be careful 
not to spread the rings any more than necessary in removing or replacing 
them. Rings with less than inch gap when free should be replaced be- 
cause their tension is too low. Five pounds is the minimum tension that 
may be satisfactorily used. The ring tension is tested by resting one side 
of the ring on a platform scale with the slot at one side (90 degrees from 
the point of contact with the scale) and noting the amount of pressure that 
must be applied to the top of the ring to close the slot. 

Cylinders. — Cylinder barrels should be examined for taper and round- 
ness by the use of an inside micrometer or a special Ames dial indicator. 
Cylinders tapered or out of round more than .003 inch should be replaced 
The inner surface, of course, should be smooth. The cylinder barrel and 
cylinder head are permanently attached to each other and cannot be de- 
tached. In case a cylinder is damaged by over priming, running without 
oil or for other reasons, it is necessary to replace the complete cylinder and 
head assembly. Inspect the valve guides for wear and look for cracks in 
the cylinder head casting. A crack may be found after long service across 
the cooling fin which connects the inlet and exhaust parts. This does no 
harm. 

Gears. — The cam driving gears should be inspected for wear. The 
gears should be stoned if necessary to remove any roughness. The blower 
driving gears should be examined carefully. The oil channels in the blower 
section should be cleaned out. Inspect the both halves of the main crank- 
case for cracks. Be sure all piping is in good condition. If not, it should 
be replaced. 

Replacement of Parts. — When the inspection has shown that certain 
parts need renewing, all necessary replacements should be made before 



WASP CONNECTING RODS 


1305 


beginning to assemble the engine. Be sure to fit the parts to the clearances 
shown at Figs. 621 and 622. This is absolutely essential for proper opera- 
tion. Number each new part to correspond to the number on the old part 
which is replaced. The numbers on the drawing correspond to a key 
tabulation which folloAvs under heading "Table of Fits — Wasp Engine/’ 
Connecting Rods. — If excessive play has developed in the master rod 
big end bearing, this will have to be replaced. To do this requires special 
equipment. It is far better to replace the master rod assembly and send 
the old rod to the factory for re-bushing. If it is necessary to do this job 
m the field, proper equipment must be at hand and the following instruc- 
tions should be noted. To remove the master rod bearings first take out 



Fig. 636. — Method of Timing the Pratt & Whitney “Wasp” Engine. The Screwdriver 
s Inserted in Breather Hole for Separating Cam Drive Clutch Teeth. Pointer Must 
Register with TC Mark When No. 1 Piston is on Top Center. 

the dowel screws and turn off one flange. Then press out both bushings 
at once, using a suitable arbor. 

In order to put in new bushings, the master rod must be heated in oil 
to a temperature of about 250 degrees Fahrenheit. This will expand it 
enough so that the bearings can be tapped into place with a block of w ood, 
ft should not be necessary to drive hard, as this would be likely to crack 
the babbitt. After the bushings are in place, the holes for the locking 
•screws should be drilled. A No. 4 (.209 inch) drill is used and one hole is 
required in each bushing, using the tapped hole in the master rod as a 
guide. Take pains not to damage the threads. The inside of each hole 
should be chamfered about .010 inch where it comes through the babbitt. 
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The screws can then be put in place and secured by using- a center punch 
on the master rod alongside the screw holes. The locking pins must not 
project all the way through the bearings. 

A special fixture is required for reaming the new bearings. The ream- 
ers must be kept sharp. Use a mixture of equal parts of lard, oil and kero- 
sene for a lubricant while reaming. The clearance should be .0025 inch to 
.003 inch on the diameter and .012 inch on the length. The end clearance 
is very important and should be obtained by equal scraping on both bush- 
ings. The crankpin should be blued and the bearing tested. If the ream- 
ing has been properly done no scraping should be necessary but it is 
advisable to burnish the bearing. Clean out the holes which supply the 
knuckle pins with oil and make sure they communicate with the main bear- 
ing holes. 

The piston pin and knuckle pin bushings arc held in by brass pins .163 
inch diameter by ] inch long. These must be drilled out with a No. 21 
drill before trying to remove the bushings. A suitable drift should be pro- 
vided for pressing out the bushings, using an arbor press if one is available. 
When inserting a new bushing, have the oil holes properly lined up and 
white lead the bushing before pressing it into position. The locking pin 
hole is not drilled all the way through the bushing, but just deep enough 
to receive the pin. Slightly rivet over the edge of the hole after the pin 
is put in. 

Pistons and Rings. — If it should be necessary to replace a piston, the 
new piston must not he more than .03 pounds ( T j ounce) different m weight 
from the one it replaces. The weight of the piston will he found on the 
under side of the skirt. The lower end of the piston may he bored out for 
balancing, but not larger than 5]s inch diameter. Two types of pistons 
are in use. Navy engines after No. 286 and Commercial engines after No. 
730 have heavier pistons than formerly used, and replacement must he 
made accordingly. Caution: The heavy pistons cannot be used in the 
earlier engines which have light counterweights. When new rings are 
fitted, the end clearance should he between .008 inch and .015 inch. The 
side clearance for the top ring should be .004 inch. The next two rings 
should have .002 inch to .0025 inch and the bottom ring .0015 inch to .002 
inch. 

Valves. — Full instructions for grinding valves are given in the section 
on Top Overhaul. 

Replacing Valve Guides. — The inlet and exhaust stems are of different 
diameters and it will he found that the station tool equipment includes two 
sets of tools for handling the valve guides. A puller is provided for remov- 
ing the guides. Before using it, it is well to examine the lower end of each 
guide to make sure it is not swelled out or burred over, as this would cause 
splitting of the boss in the cylinder head if the Durr is not removed before 
forcing the guide out. After removing the guide, see that the hole in the 
cylinder head is clean and free from roughness and also examine the new 
guides for* burrs. Drifts are furnished for driving guides in. Smear the 
guides with white lead and heat the cylinder head to* about 200 degrees 
Fahrenheit before trying to put in the new guides. Heating can be accom- 
plished by directing a gentle blow-torch flame on the aluminum guide boss 
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inside the port. Reamers and plug gauges are supplied and each new guide 
must be carefully reamed to fit the proper gauge. 

Studs. — Whenever a stud is taken out of any aluminum part, it must 
he replaced with an oversize stud in order to have a tight fit. Oversize 
studs are furnished with the spare parts, and must be cut off to a suitable 
length. 

Timing Gear Bushing. — Tf it is necessary to replace the timing gear 
bushing, part No. 1,015, see that the oil hole in the bushing lines up with the 
oil hole in the top of the boss. The proper clearance of the gear in the 
hushing is .002 inch on the diameter and .008 inch end clearance. 

Assembling the Engine.— After the inspection has been made and neces- 
sary corrective work completed, the engine is ready for re-assembly. The 
“Was])” engine may be assembled simultaneously in two units; namely, 
the power section and the accessory section. To do this requires two as- 
sembly stands. If these are not available, it is necessary to build up the 
accessory seel ion first, and then use it as a holding fixture for the assembly 
of the power section. 

It is absolutely necessary to have a clean, well-lighted work-room for 
the assembly of engines. The parts should all he carefully cleaned before 
the assembling is commenced and the greatest care should be taken to avoid 
getting dirt into the engine as it is built up. The various bearings should 
he smeared with clean engine oil as the parts are being put together. It 
is well to inspect all parts for slight burrs or nicks that may have resulted 
from rough handling or other accidental causes. If any such are found 
they must, of course, be removed before the parts are put together. The 
various nuts, bolts and other fastenings of the engine are all secured by 
some kind of locking device. As soon as each part is assembled, the cotter 
pm, wire or other lock should be put in. Tf this is not done immediately, 
it is likely to be forgotten, and a forced landing may result. 

Safety Locking Devices. — The following special locks are used in the 
Wasp engine, and must be put in place when the engine is assembled : 


Part Name 

Pin — Art Rod 

Nut — Blower Impeller 

Coupling — Magneto 

Nut — Inlet Pipe 

Nut — Kxliaust Flange 

Nut — Rear Section to Blower Section 

Pm — Gun Control Coupling 

Valve- -Inlet 

Valve — Fxhaust 


Kind of Link 

Part No. 

..Plate 

A— 1258 

..8 Penny Nail 

A — 83 y 

. . Snap Ring 

A— 817 

. . Pal nut 

A— 818 

. . Palnul 

A— 818 

. . Palnul 

A— 818 

..Snap Ring 

A -805 

..Snap Ring 

A- -1082 

. . . Snap Ring 

A— 1081 


I he following parts are secured with cotter pins: 


Pivt Name Sice of Cotter 

Bolt — Crankshaft «A" x 1" 

Bolt — Main Crankcase iV' x Y” 

Pin — Starter Jaw iV. " x /*" 

Nut — Blower Shaft nV' x 1*4" 

Nut — Blower hit. Shaft rfV' x Y\" 

Screw Magneto Drive Sliaft tfV’ x 
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Nut — Propeller Hub ik" x 3^" 

Bolt — Rocker Arm x Vz' 


The nuts holding the following- parts are secured with soft brass wire 
(metallic belt lacing) .052 inch diameter: Cylinder Flange, Cylinder to 
Crankcase, Blower to Main Case, Front Section to Main Case, Front Bear- 
ing Covet. 

The nuts or screws holding the following parts are secured with soft 
brass wire (metallic belt lacing) .040 inch diameter: Bracket — Oil Feed 
Bearing, Capscrew — Tnlet Pipe, Carburetor, Cover Blower Bearing, Cover — 
Generator Hole, Cover — Gun Control, Cover — Magneto Drive, Cover- 
Oil Screen, Gear — Crankshaft Rear. Guide — Valve Tappet, Lock — Knuckle 
Pin, Magneto, Pipe — Oil, Pump — Fuel, Pump — Oil, Sump, Tachometer 
Drive. 

Blower Section. — After the blower section has been thoroughlv cleaned 
it can be bolted to the assembling stand with the oil sump connection at 
the lowest point. The blower impeller shaft and bearings may then be 
put in place and next the blower intermediate. The intermediate shaft gear 
should be put on and then by using the blower gear holder furnished in the 
station tool equipment, the rear nut of the intermediate shaft and the front 
nut of the impeller shaft can be properly tightened. These two nuts are 
secured by cotter pins. The bearing cover is held against the blower cast- 
ing by eight screws and a gasket is used between the cover and the casting. 
A new gasket should be used and shellacked to the co\er, which should be 
carefully cleaned. Oil the other side of the gasket. See that the oil slinger 
is in place on the impeller shaft. After the cm er has been made fast and 
wired, the impeller is pushed on the shaft and the cone shaped impeller nut 
secured. A special screwdriver for tightening this nut is supplied and the 
blower gear holder is used to hold the gears stationary while this is being 
done. Do not use a screwdriver between the gears to hold them, but use 
the gear holder which is made for that purpose. Be sure that the impeller 
nut is screwed up as tight as possible and then put the safety pin in place 
This pin should be made from an eight penny nail and is bent over at both 
ends to hold it in place. 

Turn the blower section over so the front side is on top. Examine the 
floating blower drive gear and its bushing. The latter should be a tight fit 
on the boss of the blower casting, and in any case, not more than .0005 inch 
loose on the diameter. The bearing surfaces of the bushing and gear must 
be in good condition and the clearance between them should not be more 
than .008 inch. Be sure that the oil passage which feeds this bearing is open 
and that the holes register. Oil the gear, put it on the bushing, and tap 
the bushing into place, fastening it with the six small screws. These must 
be wired. The end clearance between the gear and the flange of the bushing 
should not be more than .010 inch. (These directions are of course, un- 
necessary on engines having a double gear on the rear of the crankshaft.) 
Put the pressure oil pipe in place. While the casting is in this position, 
make sure that the various plugs in the front face of the blower are tight. 
Any looseness can be remedied by carefully peining the casting around the 
edge of the plug. When everything is in order here, reverse the assembly 
stand so that the rear side of the blower will be uppermost. 
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Rear Section. — The rear casting- may now be placed upon the blower. 
The greatest care must be taken to guide the rear section perfectly straight 
while it is being brought down into position. Three drive-shaft bushings 
and the oil pressure pipe have to be entered into their respective holes, and 
damage will result unless they are carefully guided. Care must be taken 
in handling the rear section to see that the oil pressure transfer pipe is not 
damaged. There is a gasket between the rear and blower sections. This 
need not be replaced unless it is in poor condition. The nuts which fasten 
the rear section to the blower section must be locked with palnuts. 

It may sometimes happen that the blower section will already be at- 
tached to the main crankcase when the rear section is put onto the blower, 
as for instance, when the rear section has been removed from the engine 
without the latter being completely disassembled. In such a case, the gun 
control shafts must first be assembled in the rear section, leaving the cover 
plates loose to be fastened later. 

Next, turn the assembly into the operating position and insert the starter 
shaft and put on the starter jaw. This is secured with a straight pin which 
in turn is fastened with a cotter pin. Before putting the magneto drive 
shafts in place, the \crtical shafts which drive the gun synchronizers must 
he put in through the ]u.iinp openings. The gun control shafts should not 
be secured at the top until after the driving bevel gears are in place, as 
these shafts ha\ e to be lifted up to let the gears pass. The magneto drive 
shafts are then assembled in place and the keys put in these shafts and the 
bevel gears are put on. The magneto drive co\ers are now put on and their 
screws wired up; before doing this, however, inspect the leather oil retain- 
ers to insure that they are in good condition. 

The magneto coupling is held by a screw in the end of the shaft and this 
screw* is secured by a cotter pin. "The upper cover plates for the gun control 
-hafts can now- be screwed dowm and the gun control couplings screwed on 
the ends of the shafts. These couplings are held on by straight pins and 
«'t snap ring goes around each one to hold the pin in place. Test all the gears 
for backlash. The bevel gears which drive the gun controls, oil pump, and 
fuel pump should have .004 inch to .012 inch backlash. New bushings must 
be faced off to make the gears mesh properly. 

The oil pump parts should be well oiled when they are put together. 
The pump can then be assembled into the rear casting. Put on the fuel 
pump and put the oil strainer and strainer cap in place. The starter should 
be put on before the magnetos, as this makes it easier to get at the nuts, 
hollow up with the magnetos and carburetor. Pay no attention to the tim- 
mg of the magnetos when putting them on. The adjustable couplings al- 
low them to be timed after the engine is completely assembled. The igni- 
tion wire tube -with the w ires and magneto distributor blocks should be left 
<df until the rest of the engine is assembled. As soon as the accessories 
■oe all in place, turn over the assembly stand so that the accessory drive 
gears are facing upwards. Then put the rear half of the main crankcase 
m place, first being sure that all nine of the main case bolts are in position. 
* here is no gasket between this piece and the blower section. 

Connecting Rods. — Assembling of the master rod should be done on 
*he bench. It will be found that the master rod is marked to show which 
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side goes toward the front or propeller end of the engine. It must be as- 
sembled on the shaft with the knuckle pin locking plates toward the rear. 
Each link rod is numbered on the rear side to correspond with the cylinder 
in which it works, and the master rod is also numbered alongside of the re- 
spective knuckle pin holes. The knuckle pins push in place easily for a 
certain distance but must be pressed home with considerable force. They 
are best put in place in pairs with the locking plate between the two knuckle 
pins. The pins and the link rod bushings must be liberally smeared with 
oil. The two knuckle pins are tapped in place at the same time by using 
a block of hard wood and a hammer. Fasten all locking plates with the 
fillister head screws and immediately wire the screws. 

Crankshaft. — T»efore starting to assemble the crankshaft, make sure it 
has been thoroughly cleaned and the surfaces do not show any burrs or 
other roughness. The best ay ay to hold the crankshaft is to grip the coun- 
terweight of the front half in a soft- jawed ausc as previously described and 
illustrated The screw plug No. A-127 is put in place in the rear end of the 
front or main half of the shaft and locked by punching the edge of the plug 
into a hole in the shaft. If this plug has been defaced in removing it, a 
new one should be used. Oil the master rod bearing thoroughly and put 
the connecting rods in place with the knuckle pin locking plates toAvard the 
rear. G redag should be smeared in the hole in the crankpin and also on 
the rear part of the shaft Avhich pushes into this hole. Do not use white 
lead as it dries and fills up the oil holes. 

Insert the hardened steel Avasher A- 1,-133 in place on the rear end of 
the crank pin. Tf this does not stay in position, it may be stuck on with 
a little grease. The rear half of the shaft may now be offered up. It should 
be pulled into place by using the special puller furnished for this purpose. 
Hammering on the shaft should be avoided, but if absolutely necessary 
should only be done with a lead hammer or aluminum drift. 

The crankshaft bolt after being thoroughly oiled may now be put in 
place and screAved up tight by means of the proper box wrench Do not 
try to use a monkey wrench for this job, as it is necessary to have this bolt 
screvved up hard. The cotter pin Avhich secures the bolt is placed near the 
bolt head and a new hole will probably have to be drilled m the bolt at 
assembly for this cotter. It is not Avise to allow more than three cotter 
pin holes to be drilled in the crankshaft bolt. If it has already been drilled 
three times, a new bolt should be used. 

The rear main bearing may now be put in place, followed by the crank- 
shaft rear gear. This gear is held on by four cap screws Avhich should he 
wired up as soon as they have been tightened. If the engine is one Avhich 
has a clutch to drive the blower, the special tool PWA-149 may be used 
to push the bearing into place. The gear Avill he held on by four counter- 
sunk head screws. These are covered by a steel clutch plate and need no 
other means of locking. The clutch parts can mnA r he assembled according 
to the directions previously given. If the forward main hearing has been 
removed, it should now be replaced. 

Assembling Rods and Shaft in Case. — As soon as the crankshaft as 
sembly has been made up with the rods on it and other parts, it should be 
lowered into the rear half of the main section Avhich has been previously 
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attached to the blower section. The crankshaft should he kept in a vertical 
position and carefully lowered so that the blower, magneto and starting 
gears are meshed while it is still supported. Tt will be found as soon as 
the gears have entered that the assembly will go readily into place. Con- 
siderable damage may be done if an effort is made to force the shaft into 
position. Be sure that the master connecting rod is placed in cylinder 
No. 1. It will be found that the cylinder pads are marked on the front of 
the crankcase and that No. 1 is directly opposite the sump connections. 
Assemble the intermediate timing gear in the front half of the main case. 
This gear is held in by a special nut A-1,012 and a cotter pin locks this in 
place. With these parts assembled, the main case can be put on over the 
front bearing. This should now be slipped over the end of the crankshaft 
and put into position over the forward roller bearing. Gently tap the front 
half down into position. It may be necessary to push the end of the crank- 
shaft slightly in one direction or another to make the crankcase bolt holes 
line up. When this is accomplished, the nine bolts should be tapped in 
place and their nuts screwed up and cottered. Be sure the cylinder pads 
are Mush before tightening home the nuts. 

The timing gear is now put on the crankshaft, with the driving dogs 
forward, after which the oil distributor bracket with its attached oil pipe 
can be fastened on. The cam drum is placed over its sleeve which is then 
slipped on the ciankshaft and engaged with the key ways in the timing gear. 
All these parts must be copiously oiled before assembly. See that the cam 
drum has at least .010 inch end play, "fins is very important The crank- 
shaft key should now be placed in its key way and the timing sleeve slipped 
over it. 

Next prepare the nose section for assembly. All the valve tappets and 
rollers should be re-assembled, after being w r ell oiled. The thrust bearing 
should be placed in the nose and the whole assembly put in place. No 
gasket is used between the main crankcase and the front section. The 
crankshaft thrust bearing nut and oil slmger may now be screwed up, but 
not hard. This brings the crankshaft up into proper position in the center 
of the main crankcase and should be done before the crankshaft is turned 
around, as some damage may be done if it is turned around while it is rest- 
ing on the rear main case. The thrust bearing cover need not be put on 
until after the engine is timed. 

Cylinders. — The valves, valve springs and rocker arms should be as- 
sembled in the cylinders before the latter are put on the engine. A special 
tool is furnished for putting in and taking out the valve rocker pins. Full 
directions for assembling the pistons and cylinders arc contained in the pre- 
ceding section entitled “Top Overhaul.” When the cylinders, push rods 
■'Hid intake pipes are in place, the oil sump is put on. Two oil connections 
nre automatically made when the sump is put in place. Do not force the 
nmp up if something prevents the pipes from going together. The suction 
‘npe which takes oil from the bottom of the sump must have a good gasket 
-rid be bolted up tight. 

Timing the Engine. — Two types of cam have been provided for Wasp 
‘ngines. All engines prior to No. 286, anti some with higher numbers, have 
i cam which gives the inlet valves a lift of 11 / H; inch. All engines rated at 
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2,100 r.p.m. have a lift of %o inch for both inlet and exhaust valves. The 
difference may be determined by measuring the inlet valve lift, or by exam- 
ining the cam. The high-lift cam has the internal gear teeth cut on the 
duralumin hub, while the low-lift cam has the teeth in the steel cam rim. 
A further difference that should be noted is in the valve springs. Heavy 
springs arc used with the low-lift cam and light springs with the high-lift. 
In all cases the correct timing is indicated by marks on the front face of 
the front section of the crankcase. 

To time the engine, have the thrust bearing cover off and slack off the 
thrust bearing nut two or three turns. Set the valves of No. 1 cylinder with 
.060 inch clearance on both intake and exhaust, being sure the cam is at 
the lowest point when this is done. (For the high-lift cam, use 050 inch 
on the inlet and .060 inch on the exhaust ) This clearance is for timing 
only. Use the valve clearance gauge. When testing the valve clearance, 
the feeler is inserted between the valve stem and the valve adjusting screw 
ball. The valve rocker must be lifted up hard enough to overcome a light 
spring in the tappet. Slightly separate the teeth of the cam hub sleeve and 
the thrust bearing sleeve. This can be done by remo\ mg the front breather 
hole and using it to permit insertion of a tool to pry the sleeves apart At- 
tach the timing disc to the front of the crankcase so that the top center 
mark is in line with No. 1 cylinder as shown at Fig. 636. If no timing disc 
is at hand, use the marks on the face of the crankcase front section. These 
w r ill be seen when the thrust bearing cover is removed. Take out the screw 
plug near the front breather and insert the timing wrench so that its teeth 
engage the intermediate gear. Fasten a pointer to the crankshaft or pro- 
peller hub so that when No. 1 cylinder is on top dead center the pointer will 
register with the dead center mark on the timing disc. 

Turn the crankshaft counter clockwise until the pointer comes to the 
inlet opening mark. Then turn the timing wrench counter clockwise until 
the inlet valve clearance is just taken up, the valve being about to opfen. 
Next, screw' up the thrust bearing nut. Look through the breather hole 
and make sure that the teeth on the two sleeves are engaged and not riding 
on the tops of each other. After tightening the nut, check the inlet opening 
and exhaust closing again, when turning the shaft slowly in the normal 
direction (counter clockwise as seen from the front). After checking the 
timing, reset the clearance of both valves to .010 inch and see that the 
clearance of valves of the other cylinders is properly set to .010 inch. 

Magneto Timing. — Magnetos should be set to break 30 degrees before 
top center when fully advanced. To time the magnetos, turn the crankshaft 
counter clockwise so the No. 1 piston is on the compression stroke (both 
valves closed) and the timing pointer registers with the “30 degree ad- 
vance” mark on the front of the crankcase. Take off the magneto breaker 
covers and also the outside distributor blocks (the right hand block of the 
right magneto and the left hand one of the left magneto). Remove the 
lock wires from the magneto couplings and slip the couplings back (toward 
the magnetos) until they arc disengaged. If the spark control rod is con' 
nected, place the control in the fully advanced position. Set each magneto 
to break for No. 1 cylinder. There is a window under the forward oil hole 
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cover on top of the magneto, and the figure (1) will appear under this 
window, when the magneto is in the right position. 

If you cannot see this window, there are marks on the frame of the mag- 
neto alongside the distributor block, and on the brass gear inside. On the 
right side magneto two marks on the gear register with two marks on the 
frame and on the left magneto one mark on each part. Turn the gear with 
fingers until the marks register or until (1) appears in the little window. 
Hold the gear and turn the magneto coupling around until it goes into place. 
The breaker points should be closed, but just ready to open. Place a strip 
of cigarette paper between the breaker points of each magneto and adjust 
each magneto coupling so that the paper will just pull. To do this, hold 
the brass gear inside the magneto with the lingers, disengage the coupling 
and turn it one tooth backward (clockwise as \iewcd from the rear) and 
engage it again Repeat this w ith each magneto until the cigarette paper 
] list becomes loose between the contacts. 

Check the timing bv turning the crankshaft clockwise half a turn and 
coming slowly up to the firing point, holding the cigarette papers and not- 
ing the exact point at which each one becomes loose P»oth magnetos must 
break at the same moment. After the setting is correct, put the snap rings 
on the magneto couplings. Put on the distributor blocks and the breaker 
covers, and secure with safety pins. Krinoic the timing pointer from the 
crankshaft, and put on the front hearing cover plate with the dram at the 
bottom. Screw' up the con er plate nuts and wire them in place. 

Running In. — After overhauling, the engine must be run in just as care- 
fully as though it were new. ft should be run under its own power for 
three to four hours at gradually increasing speeds. All external nuts should 
he examined for tightness after Ibis period. In fact, it is well to omit the 
locking wires from the outside nuts until after running m, when every- 
thing may be tightened and then wired. Tf any new pistons or cylinders 
have been installed, the cylinders should be remo\ ed for inspection after 
the running m period. If new pistons, rings or hearings have been installed, 
the engine should be run in eight to ten hours and operated subsequently 
the same as a new engine. During the first ten hours of operation in the 
plane it is well to warm up the engine gradually after each start, and to 
-top gradually also, rather than shut off suddenly from full speed. During 
this period the engine should not be run wide open any more than is abso- 
hitely necessary, and sudden acceleration should be avoided. The same 
precautions apply to some extent at any time during the life of the engine. 
These measures, together with careful attention to maintaining the proper 
oil pressure and frequent change of oil, will result in polishing all moving 
parts so that long and trouble free service will be rendered. 

Table of Fits — Wasp Engine 

When three figures are given the second figure indicates the desired fit. 
The other two give the tightest and loosest fits permissible. Dimensions 
?iven in inches. Serial numbers refer to drawings at Figs. 621 and 622. 
The letter T means tight, letter L means loose. 

1. Thrust Bearing and Case — End Clearance 0036 T .004 L .0074 L 

2. Thrust Bearing Cover Ring and C.isc-T>ia 0315 L 037 L .0425 L 

3. Thrust Bearing Cover and Case — I)ia 0035 L .005 I, .0065 L 
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4. Thrust Bearing ami Case — Dia 

.0003 T 

.001 

L 

.0015 L 

5. Thrust Bearing and Spacer — Dia 

.000 


.002 

T 

.0014 

T 

6. Thrust Bearing Spacer and Crankshaft — Dia 

.0005 

L 

.001 

L 

.0025 

1. 

7. Crankshaft and Plug 

.0005 

T 

.002 

T 

.0035 

1 

8. Thrusl Bearing Spacer and Key- Side Clearance .. 

.0005 

T 

.001 

L 

.0025 

L 

9. Crankshaft and Kev 

0005 

L 

.000 


.0015 

T 

10. Thrust Rearing Spacer and Kev — Top Clearance... 

.007 

L 

.016 

L 

.025 

L 


.001 

L 

003 

L 

004 

L 

12. Cain Drum and Bushing 

.0065 

L 

.008 

L 

.0095 

L 

13 Cam Drum — End Clearance — lit to 

.000 


.008 

L 

.000 


14, Cam Drive Gear and Ring 

.001 

L 

001 

T 

.003 

T 

15. Cam Bearing Spacer and Gear — Dug Side Clearance 
10. Cam Drive Gear and Crankshaft — also 

.000 


.004 

L 

.008 

L 

Cam Bearing Spacer and Crankshaft 

0005 

L 

.001 

L 

0025 

L 

17. Oil Distributor Bearing Bushing and Bracket . . . 

.000 


.002 

T 

004 

*1 

18. Front Main Bearing and Crankshaft 

0003 

L 

()()() 


.0013 

T 

19. Front Main Bearing and Tuner 

001 

L 

.0008 

L 

.0028 

L 

20. Front Main Bearing Liner ami Case .... 

008 

T 

.010 

T 

.012 

T 

21. Front Main Bearing Liner and Case ( Large Dia ) . 

002 

L 

.005 

L 

.008 

L 

22. Crankshaft and Counterweight Rivet 

000 


001 

T 

002 

T 

23. Crankshaft and Pm 

000 


.0025 

T 

005 

T 

24. Cam Drum and Cam 

.0025 

T 

001 

T 

0005 

T 

25. Oil Feed Pipe, Upper and Bracket 

.001 

T 

.000 


.001 

L 

20. Oil Feed Pipe upper and Oil Feed Pipe lower .... 

.000 


001 

L 

.002 

L 

27. Oil Feed Pipe lower and Oil Sum]) 

.000 


.001 

T 

.002 

T 

28. Crankcase Main and Front 

.()()() 


.001 

L 

.004 

L 

28. Crankcase Mam and Blower 

.000 


.001 

I . 

.004 

L 

28. Blower and Rear Case 

000 


001 

L 

.004 

I . 

31. Main Crankcase and Bolt 

0005 

T 

.0015 

L 

0015 

1. 

32. Oil Sump and Pipe 

0005 

T 

.0015 

T 

.0025 

T 

33. Oil Sump and Strainer 

.005 

T 

.015 

L 

.035 

L 

34. Oil Sump and Pipe 

000 


.0015 

T 

.002 

T 

35. Oil Sump and Oil Pressure Pipe 

.0005 

T 

001 

L 

0025 

L 

30. Cam Reduction Gear and Buslnng —End Clearance . 
37. Main Crankcase and Cam Reduction Gear Nul — 

004 

L 

.008 

L 

.012 

L 

End Clearance 

.006 

L 

on 

L 

.016 

L 

38. Cam Reduction Gear and Bushing — Dia 

001 

L 

002 

1. 

.003 


39. Main Crankcase and Cam Reduction Gear Hushing . 

.001 

T 

.002 

T 

.003 


40. Cam Reduction and Cam Countershaft Gear 

.002 

L 

.000 


.002 


41. Valve Tappet Roller and Pin 

42. Valve Tappet and Valve Tappet Roller — Side 

.000 


.001 

L 

002 


Clearance 

.008 

L 

014 

L 

.020 


43. Valve Tappet Guide and Roller — Side Clearance . . . 

.000 


.003 

L 

.00 c ) 


44. Tappet Guide and Pin 

.002 

L 

.005 

L 

.009 


45. Tappet Guide and Roller Pin — End Clearance 

021 

L 

031 

L 

.041 


40. Valve Breather and Valve Guide 

015 

L 

018 

L 

.022 


47. Valve Guide and Breather 

.0005 

T 

.0035 

L 

.0065 


48. Valve Guide and Valve 

.003 

L 

.007 

L 

.010 


49. Front Crankcase and Valve Guide 

.0005 

L 

.000 


.001 


50. Valve Tappet and Valve Guide 

.000 


.0005 

L 

.001 


51. Valve Tappet and Push Rod Socket 

.0005 T 

.0015 

T 

.0025 


52. Push Rod Ball End and Push Rod 

.0005 

T 

.0015 

T 

.0025 


53. Push Rod Ball End and Pm 

.009 

T 

.000 


.014 

I 

54. Push Rod Tube inner and outer 

.002 

L 

.004 

L 

.006 

1 

55. Cylinder Head and Valve Scat 

.0065 

T 

.008 

T 

.0095 T 

56. Exhaust Valve and Valve Guide 

.005 

L 

.006 

L 

.007 

1 

57. Cylinder Head and Valve Guide — Inlet and Exhaust 

.0005 

T 

.002 

T 

.0025 

T 

58. Cylinder Head and Push Rod Tube 

.020 

L 

.010 

L 

.005 

r l 

59. Cylinder Head and Rocker Cover Dowel 

.001 

L 

.004 

L 

.007 

f 

00. Inht Valve and Lock End Clearance 

.001 

L 

.004 

L 

.007 

1 
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61. 

Inlet Valve and Valve Guide 

.0015 L 

.002 

L 

.0035 

L 

62. 

Piston and Cylinder Sleeve (upper) 

.036 L 

.038 

L 

.040 

L 

63. 

Piston and Cylinder Sleeve ( lower ) 

.028 L 

.030 

L 

.032 

L 

64. 

Piston Pm and Plug 

.0015 T 

.0025 

T 

.0035 T 

65. 

Alastcr Rod and Bushing 

.0015 T 

.002 

T 

.0045 

T 

66. 

Piston Pin and Rushing 

.00175L 

0025 

L 

.00325L 

67. 

Piston and Piston Pm 

.000151. 

.0008 

L 

.00125L 

08. 

Cylinder Sleeve and Piston Pin Plug — Knd CU .trance 

.036 L 

052 

L 

068 

L 

<>9. 

Main Crankcase and Cylinder Sleeve .. . . 

002 L 

.007 

L 

.012 

L 

70. 

('rankshaft Front and ( rankshaft Rear — Large Dia 

.000 

.0005 

T 

.001 

T 

71 

Muster Rod and Rearing 

.000 

.001 

T 

.002 

T 

72. 

Starter Gear and Spacer 

004 T 

.000 


.004 

L 

73 

( rankshaft Front and Rearing . 

000 

.0015 

L 

.002 

L 

74 

Crankshaft and Rearing -Fnd ( lea ranee 

0065 L 

.012 

L 

0195 

L 

75 

( rankshaft Rear and Roll 

001 L 

003 

L 

.005 

L 

7o 

Articulated Rod Pin and Master Rod 

.0005 L 

.000 


.001 

T 

77 

Articulated Rod Pin and Plug . . 

000 

.0015 

T 

.003 

T 


78. -Muster Rod and Bushing— End Clearance ... .. Fit to .006" L to 008" L 

At Assembly 

70. Articulated Rod and Master Rod— F.rnl ( Icaiaucc . .011 I. 015 L .019 L 

80. Master Rod and Articulated Rod Pm . .0005 L .000 .001 T 

81 Articulated Rod I’m and Pushing. . . .... .001 L 0015 L .0025 I, 

82 Articulated Rod and Bushing 0015 T 002 T 0045 T 

8.1 Rear Mam Rearing and Liner.. 0003 T .0008 L .0015 L 

84 ( rankshaft and Alain Rearing — Re.ir . . . .0001 L 000 .0015 T 

85 Main Rearing Liner Rear and Crankcase . . , 008 T .010 T .012 T 

80 Alain Rearing Tuner and Pm t . .004 T .001 T 003 L 

86 Rlower Intcimediatc Gear and Shalt .. . 0005 L .000 .0015 T 

00. Intermediate Lear Shaft and Rail Rearing 002 T .000 0007 L 

01 Blower Intermediate Cage and Case Small Dia .. .000 .001 T .002 T 

02 Rlower Intermediate Cage and Rail Rearing . . 0002 T 0006 L .0016 L 

03 . Blower Intermediate Shaft and Spacer ... 0048 L .010 L .0153 L 

04 Rlower Intermediate (age and Case — Large Dia.... 002 T 000 .002 L 

05 Rlower Rearing ('over and Case ... 002 L .006 T, .010 L 

06 . Oil Screen Ferrule and Case 000 010 L 020 L 

07 Rlower Shaft and Rail Rearing 0004 '1' 000 .0004 L 

08 Rlower Shaft and Slinger.. .. 000 .0005 T .0014 T 

00 Rlower Shaft Rearing Cage and Case . ... 000 001 T .002 T 

100 Rlower Shaft Rearing Cage and Rail Rearing 0003 T .0006 L .0015 L 

101 Rlower Shaft and Impeller Spline Fit — Outside l)ia 000 001 Tv .002 L 

Rlower Shaft and Impeller Spline Fit— Inside l)ia 000 .001 L 004 L 

Rlower Shaft and Impeller Spline fit— Width 0005 T 0002 L .0015 L 


102 

Rlower Shaft and Jaw Spline — Outside Dia 

. .0005 

T 

002 

L 

0035 

L 

103 

Rlower Shaft and Jaw 7 Spline — Inside Dia 

. .001 

L 

.002 

L 

.005 

Iv 

104 

Rlower Shaft and Jaw r Spline— Side Clearance .... 

. .001 

L 

.001 

L 

.005 

L 

105 

Rlow'er Shaft and Rushing 

. .001 

L 

.002 

L 

.003 

I. 

106 

Rlower Shaft and Rail Rearing 

. .000 


.0005 

T 

.001 

T 

107 


. .0004 

L 

.001 

L 

0014 

L 

108. 

Rlower Case and Discharge Plate 

. .010 

L 

.020 

L 

.030 

L 

109 

Crankshaft and Oil Slinger 

. .000 


.004 

L 

.008 

L 

110 

Blower Case and Starter — Shaft Bushing 

. .0005 

T 

.0005 

L 

.0015 

L 

111 

Rear Case and Starter — Shaft Bushing 

.0005 

T 

.002 

T 

.0025 

T 

!I2 

Rear Case and Starter 

. . .(Mil 

L 

.004 

L 

.007 

L 

i3 

Rear Case and C.irlnuetor Elbow Cover 

. .000 


.004 

L 

.008 

Iv 

114 

Cylinder Head and Rocker Shaft -Ball Bearing... 

. .0003 

T 

.0008 

L 

.0013 

L 

115 

Ranker Shakt and Ball Rearing 

. .0001 

L 

000 


.0007 

T 

1 ! 6. 

Valve Rocker and Shaft (Diameter) 

. .0004 

L 

.000 


.0004 

T 

'17. Valve Rocker and Shaft — End Clearance 

. .0004 

T 

.006 

L 

.0156 

Iv 

118. 

Cylinder Head and Rocker Bearing Cover 

. .000 


.004 

L 

.008 

L 
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119. 

Rocker Bearing Cover and Bolt 

.000 

004 

L 

.009 

L 

120. 

Gun Control Gear and Pin 

.002 T 

0005 T 

.004 

I. 

121. 

Gun Control Cover and Nut 

001 L 

005 

L 

.009 

L 

122. 

Gun Control Gear and Nut 

.0013 L 

0025 

L 

.0037 

L 

123. G uii Control Gear and Ball Bearing 

.0005 T 

000 


.0003 L 

124. 

Gun Control Cover and Rear Case 

.0005 T 

001 

L 

.0025 

L 

125. 

Gun Control Cover and Ball Bearing 

0006 L 

001 

L 

.002 

I. 

126 

Magneto Advance — Yoke and Pin 

.0005 T 

001 

L 

.0025 

L 

127. 

Oil Pump F.nd Plate and Bodv 

000 

001 

L 

.004 

L 

128 

Oil Pump Body and Rear Case 

.000 

002 

L 

.002 

L 

129 

Oil Pump Body and Oil Pump Pressure Body ... 

.000 

001 

L 

004 

L 

130 

Oil Pump Drive Gear and Key 

001 T 

0005 

L 

001 

L 

131. 

Oil Pressure Gear and Key 

.001 T 

0005 

L 

.003 

L 

132. 

Oil Suction Idler Gear and Body — Knd C learance 

.001 K 

003 

7, 

005 

L 

133. 

Oil Pump Drive Gear and Oil Pump Idler Shaft in 
Oil Pump Knd Plate . . . 

.001 L 

002 

L 

.003 

L 

134. 

Oil Pressure Idler Gear and Oil ldlei Suction Gear 
in Oil Pump Body and Oil Pump Pressure Body 

005 L 

007 

L 

.009 

L 

135. 

Rear C ase and Dowel 

.000 

0015 

T 

.003 

T 

136. 

Oil Pump Pressure Bodv and Dowel 

.000 

0005 

L 

.002 

I, 

137. 

Oil Pump Idler Shaft and Oil Pump Drive Gear in 
Oil Pump, Pressure Gear and Oil Pressure Pump 
Idler Gear 

.0005 T 

.0005 

L 

.0015 

L 

138. 

Oil Pressure Idler Gear and Oil Pump Pressure 
Body — Knd Clearance 

.001 L 

003 

L 

.005 

L 

139. 

Oil Pressure Relief Bodv and Plunger 

002 L 

003 

L 

.006 

L 

140. 

Tachometer Drive Gear and Rear Case. 

001 L 

002 

L 

003 

L 

141. 

Tachometer Duve Gear —Knd C learance 

001 L 

010 

L 

.025 

L 

142. 

Tachometer Drive Gear and Insert . . . 

0008 T 

002 

T 

0038 T 

143. 

Tachometer Drive Gear and Coupling 

001 L 

002 

L 

.003 

L 

144. 

Tachometer Coupling and Rear C ase 

.000 

002 

L 

004 

L 

145. Magneto Drive Gear and Shaft . 

00 T T 

000 


001 

L 

146. 

Blower Case and Magneto Drue Bushing Short. 

.0005 T 

002 

T 

.0025 

T 

147. 

Magneto Drive Shaft and Bushings 

001 L 

002 

L 

003 

L 

148 

Blower Case and Magneto Drive Bushing — Long 

0005 T 

0005 

L 

.0015 

L 

149. 

Rear Case and Magneto Drive Bushing — Long 

.0005 T 

002 

T 

0025 

T 

150. 

Magneto Drive Shaft and Fuel Pump and Gun 
Control Drive Gear 

0005 T 

001 

L 

.0025 

L 

151. 

Fuel Pump Drive Gear and Bracket .. 

001 L 

002 

L 

003 

L 

152. 

Rear Case and Fuel Pump Drive Bracket 

.000 

001 

L 

004 

L 

153 

Rear Case and Magneto Dowel . . . . 

.0005 T 

0015 

T 

0025 

T 

154. 

Gun Control Bushing and Rear Case .... .... 

.001 T 

002 

T 

.003 

T 

155. 

Gun Control Bushing and Gun Control and Tachom- 
eter Drive Gear 

001 L 

002 

L 

.003 

L 

156. 

Kcv in Fuel Pump and Gun Control Drive Gear.... 

.0005 L 

001 

L 

.0035 

L 

157. 

Magneto Drive Shaft and Ke\ ... .... 

.001 T 

000 


.002 

L 

158. 

Fuel Pump and Gun Control Drive Gear and Key - 
Top Clearance 

.007 L 

.012 

L 

.017 

L 

159. 

Magneto and Dowel 

.000 

.001 

L 

.003 

L 

160. 

Rear Section Pressure Pipe in Rear Case — -Upper... 

.000 

.001 

T 

.002 

T 

161. 

Oil Pressure Pipe Riar and Rear Section 

.000 

.001 

T 

.002 

T 

162. 

Rear Section Pressure Pipe in Rear Case -Lower... 

0005 T 

002 

T 

0025 T 

163. 

Oil Pressure Pipe Rear and Blower Section .... 

000 

0005 

L 

.002 

L 

164. 

Blower Section Oil Pressure Pipe and Bracket 

0015 T 

.0015 T 

.0045 T 

165. 

Steel Propeller Hub Snap Ring and Propeller Hub — 
Side Clearance 

001 L 

.004 

L 

.007 

1 

166. 

Crankshaft and Propeller Hub — Side Clearance 

0005 L 

.001 

L 

.0035 

1 

167. 

Crankshaft and Propeller Huh— Outside Dia 

005 L 

010 

L 

014 

I 

168. 

Crankshaft and Propeller Huh — Inside Dia 

.001 L 

.010 

L 

.015 

L 

169. 

Propeller Hub Clamp, Female and Head Pin 

000 

.001 

L 

.003 

L 
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170. 

Crankshaft Rear and Crankshaft Front — Small Dia.. 

0005 T 

.001 

T 

.0015 

T 

171 

Oil Feed Bearing Bracket Dowel in Main Crankcase 

000 


0015 

T 

.003 

T 

172 

Oil Feed Bearing Bracket and Dowel 

000 


.0005 

L 

.002 

L 

173. 

Blower Shaft and Spacer 

000 


.001 

L 

002 

L 

174. 

Blower Shaft Ball Bearing Closure and Blower 








Shaft Bearing Cage 

0005 

T 

0005 

L 

.0015 

L 

175. 

Blower Impeller and Case (fit to .015 to .020") 







176. 

Magneto Drive Cover and Rear Case 

000 


.006 

E 

.012 

L 

177 

Magneto Drive Oil Shield and Rear Case 

000 


.002 

I- 

004 

L 

178 

Fit at Assembly to .008" End Clearance 







176 

Fit at Assembly if necessary 







180 

Fit flush at Assembly 







215 

Rear Crankcase and Generator Support and Generator 

000 


.002 

L 

.004 

L 

2l(> 

Generator Drive Gear and Ball Bearing ID . ... 

0001 

E 

.0005 

T 

0009 T 

217 

Generator Support and Ball Bearing O D .... 

0005 

T 

.0005 

E 

0013 

L 

218 

Generator Support and Ball Bearing End Clearance 

0013 

L 

.003 

T 

.0077 

T 

216 

Generator Pinion and Starter Gear O.D 

002 

L 

008 

L 

014 

E 

220 

Generator Pinion and Starter Gear O.D 

002 

L 

.010 

E 

.018 

E 

221 

Generator Pinion and Starter Gear Width 

000 


.002 

L 

.004 

L 

>22 

Valve Adjusting Screw and Plug 

000 


.003 

T 

.006 

T 

223 

Blower Drive Gear Bushing and Gear 

006 

L 

.007 

E 

.008 

E 

224 

Blower Drive Gear Bushing and Blower . . 

0005 

L 

.001 

T 

0025 

T 

225 

Valve Rocker Bearing Bushing and Cvhnder 1 lead 

001 

T 

002 

T 

.004 

T 

22() 

Valve Rocker and Cup 

000 


.001 

T 

0025 

T 

227 

Floating Blower Drive Gear End Clearance 

004 

E 

.007 

E 

.010 

E 


Description of the “Hornet” Engine. — The Pratt & Whitney “Hornet” 
engine is of the same general design as the “Wasp” Hut is larger. The 
“Hornet” has nine radial cylinders of 6 ^ inch bore and inch stroke. 
The outstanding features of the “Wasp” are also embodied in the “Hornet” 
and include a one-piece master connecting rod, two-piece crankshaft, forged 
duralumin crankcase, enclosed valve gear, built in supercharger, and the 
grouping of all accessories at the rear. The propeller end is shown at Fig. 
f>37. the main dimensions in the assembly drawing at Fig 638. 

Interchangeability with “Wasp.” — The design of the “Hornet” engine 
is such that 87 per cent of the parts used in its construction are interchange- 
able with the similar parts of the “Wasp” engine. The rear half of the 
engine and all accessories but the starter arc identically the same as those 
used on the “Wasp.” In addition to these, the sump and many of the small 
engine parts are interchangeable. This system of construction has the 
highly desirable result of reducing the quantity of parts that must be car- 
ded in reserve where both the “Wasp” and “Hornet” engines are used. 

The main crankcase, nose section, crankshaft, cam, pistons and cylinders 
■tie larger than the corresponding “Wasp” parts. Tappets, breather and 
^'ine of the push rod cover parts are the same pieces used on the “Wasp” 
hut the tappet guides, valves, and valve springs are different. A larger 
'ize of starter is used and the carburetor is equipped with larger chokes. 

Installation. — The same considerations apply to the mounting of the 
Hornet” engine as to the “Wasp” and reference should be had to the notes 
:| i the chapter to follow on installation of similar engines. On account of 
'he large size of the “Hornet” cylinder, free circulation of cooling air is 
•■ssential and the cowling must be so constructed as to expose all of the 
ylinder head casting and at least a part of the cylinder barrel. There 
hould be no large diameter cowling or exhaust manifold immediately back 
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of the engine to obstruct the flow of air away from the engine. It is also 
desirable to have a good circulation of air all around the crankcase of the 
engine and around the oil tank to assist in keeping the oil cool. A three 
bladed propeller should be used. 

Operation. — Refer to instructions previously given for operation of 
Pratt & Whitney engines. These apply equally to “Wasp” and “Hornet” 
engines. An additional precaution is necessary, however, in the case of the 



Fig. 637. — Propeller End View of Pratt & Whitney “Hornet” Engine. 

latter owing to the larger size of propeller used. Do not operate the engine 
at full throttle on the ground longer than necessary to check the maximum 
speed. The effective part of the propeller blade is so far removed from 
the crankshaft that insufficient cooling is provided for the engine while the 
plane is at rest, although the installation may be perfectly satisfactory while 
in the air. 

Inspection. — The same rules apply for the “Hornet” as for the “Wasp.” 
The valve clearance when cold is .010 inch for both inlet and exhaust. The 
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Fig. 638.— Installation Diagram of Pratt & Whitney “Hornet” Engine. 
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sectional diagrams at Fig 639 and 640 are the key drawings to the clearance 
tables that follow the specifications. 

Overhaul. — The list of tools for assembling and disassembling Pratt & 
Whitney engines has been given on preceding pages and complete instruc 
tions for overhauling both types of engine. The instructions are written 
to specifically cover the “Wasp” and the following points of difTerence 
should be noted when working on the “Hornet” engine: The wood block 
which is placed inside the cylinder to facilitate handling the valves will be 
twelve inches long. 

Timing. — When timing the “Hornet” engine, set the valves of No. 1 cyl- 
inder with .062 inch clearance (on both inlet and exhaust), being sure that 
the cam is at the lowest point when this is dune After this proceed ns 
described for the “Wasp” engine After completing the timing operation, 
set the clearance of all valves to 010 inch. 


" H r ) R N FT” S P PCI FI CATIONS 

Model . R1690 

Rating (Military) 

Rated Power (doped Inel) 525 h p 

Rated Speed 1900 r p m. 

Rating (Commercial) 

Fuel tirade I) Domestic Aviation Pas of sp gr. .0 K2 or 
less 

Rated Power . . 500 lip 

Rated Speed .. 1900 r pm. 

General Foim 

Cylinder arrangement 
Number of cjlmdeis 

Cooling 

Bor.e Stroke 

Piston Displacement 
Compression ratio . . 


Overall dimensions 

Outside Diameter 54k/' 

Mounting bolt circle diameter . 22-)/' 

Total length .. 44^" 

Length back of mounting 14*4" 

Distance from mounting to C. L. of propeller 25 D" 


. Radial 
.9 

.Air 
. 6 125" 
0 275" 
.5 00 1 


Crankcase 

Material 

No. of sections 


Aluminum 

5 


Crankshaft 

Type ... 

Main Bearings . ... 
Thrust Bearing . . . 

Master Rod 

Type 

Form of shank 


Single throw, 2-piece 
Ball or roller 
Ball t_vpc 

One piece 
1 —section 


Link Rods 

Form 


I — section 
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Cylinders 

Barrel 

Head 

Cooling fms 

Valves 

Number per c\ linder 
Material, inlet . . . 
Material, exhaust 
Lift, inlet 
Lift, exhaust 
Diameter inlet port . 
Diameter exhaust p<»it , 

Valve Timing 

Inlet opens 

J nlet ( lose s 
l’-xhanst opens . 

Kxhaust closes . . 

Valve Springs 

Number pci \al\e 
Bonn 

Oil Pump 

T\pe ... 

Number of set twins 
( >il pressure 

Magnetos 

Make . .... 

Number 

Type 

Tinnmr (lull ad\ am ed ) 
Direction ol rotation .. 

Sparkplugs 

Type 

Thread 

Tachometer Drive 

'1 \ pc . . 

Number 

Rotation 

Speed 

Supercharger 

Make 

T) pe 

Carburetor 

Make 

Type 

Number ut barrels . . . 


. . . Steel 
. Aluminum 
. . Integral 

2 

. . Silebrome or Tungsten 

. .c n s. 

1 1 tr 


2 1 j" 

2 1 " 


10° early 
Ml" late 
71° early 
.31° late 


2 

. . Helical 


. . ( iear 


. . .75-100 lbs. 


Scintilla 

> 

AC, d-D 
30° 

l lock wise 


B (i. Hornet No. 4 
18 m/m. 


...AS. Standard 


t » muter clockwise 
1 j crankshaft 


(icii Electric 
t entritugal 


Stromberg 
NAY-7 A 
? 


Carburetor Setting 

The test log sheet shipped with each engine gives details 
of jc i t and choke sizes for the individual engine 

Standard Equipment and Weight 

Weight of Hornet, with magnetos and carburetor, but 

no extras 7(>5 lbs 

The following accessories arc shipped with each engine: 
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(weights not included in above) 

Starting Magneto (Dixie 100) 

Primer 

Magneto Switch ... 

Heater 

Tool Kit 

Additional Equipment 

The following accessories can he supplied 

Fuel Pump ( C-5 type ) ... 

Hand Starter ( Aeromarine r l ype D) includin'.* 

Propeller Huh for metal blades 

(inn Control Drive, as spr ilied 

Shipping Data 

( )ver all si/e of box . ... 

Weight, boxed . . . 


.8.3 llis. 

5 lbs 
. «> lbs 
.10 0 lbs 
. 11 <> lbs. 


2 7 llis 

crank .30 3 lbs 

.. .3sr. li.s 


. .no" X 00" X 52" 

. . . 13 >0 lbs approximate 


Table of Fits — “Hornet” Engine 

When three figures are given the second figure indicates the desired fit. 
The other two give the tightest and loosest fits permissible. Dimensions 
given in inches. Serial numbers refer to drawings. Figs. (>39 and (>4() when* 
the parts referred to are designated bv key numbers. For example, the 
crankshaft key is designated as No 9 on drawing Fig. (>39. The kev can 
be five-tenths of one-thousandth of an inch loose or one and one-half 
thousandths of an inch tight The desired fit is exact, neithei tight nor 
loose. 


8 

Thrust Bearing Spacer and Key — Side C learance . . 

0005 

T 

001 L 

0025 

1 

9 

t r.mkshaft and Ke» . . . . 

0005 

L 

()()() 

.0015 


10 

Thrust Bearing Spacer and Key — Tup 1 lcara.n#$ 

007 

L 

01(. L 

.025 


11. 

Cam Drum and Spacer... . 

001 

L 

(K)3 L 

.004 


13 

20 

Cam Drum End Cleat ancc — fit to 

Front Mam Bearing Liner and t <ec 

008 

T 

008 L 
.010 T 

012 


22. 

Crankshaft and Counterweight Pixel 

.000 


001 T 

.002 


23 

Crankshaft and Pin 

.000 


0025 t 

005 


24 

Cam Drum and Cam 

007 

T 

.009 T 

.011 


27. 

Oil Feed Pipe lower and Oil Sump . . . . 

000 


05)1 T * 

.002 


28. 

f’rankcase Mam and Hh uci . ... 

.000 


001 L 

004 


28. 

Crankcase Main and Front . 

000 


.001 L 

.004 


28. 

Blower and Rear Caw 

(MM) 


001 L 

004 


31. 

Main Crankcase and Bolt .... . 

(KK)5 

T 

0015 L 

001 5 


32 

Oil Sump and Pipe. 

0005 

T 

0015 t 

002 S 


33. 

Oil Sump and Strainer 

.005 

T 

015 L 

035 


34. 

Oil Sump and Pipe 

.000 


0015 t 

002 

1 

35. 

Oil Sump and Oil Pressure Pipe ... 

0005 

T 

001 L 

0025 


36. 

Cain Reduction dear and Bushing — b ml t b a a<u 

004 

L 

.008 L 

.012 


37. 

Mam Crankcase and Cam Reduction ( car .\it 

End Clearance 

.006 

L 

.010 L 

016 


38. 

Cam Reduction dear and Busin lg — Dia. . 

001 

L 

002 L 

003 


39. 

Main Crankcase and Cam Reduction dear Bushnv.. 

.001 

T 

.002 r 

003 


40 

Cam Reduction — and Cam Countershaft deai . 

.002 

L 

.0(H) 

002 


41. 

Valve Tappet and Pin 

.000 


.001 L 

.002 


41. 

Valve Tappet Roller and Pm 

.000 


001 1 , 

.002 


42. 

Valve Tappet and Valve Tappet Roller — 

Side Clearance 

.008 

I. 

.014 L 

.020 


43. 

Valve Tappet Ouide and Roller Side Clearance. . . 

000 


003 L 

.000 


44. 

Tappet duidc and Pin 

.002 

L 

005 L 

.009 


45. 

Tappet Guide and Roller Pin End t learmicc 

020 

L 

031 L 

.041* 

i 

46. 

Valve Breather and Valve Guide. 

015 

L 

.018 L 

.022 



tJL 
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Valve Guide and Breather 

0005 T 

(K)35 L 

.0065 

L 

48 Valve Guide and Waive 

.003 L 

.007 L 

.010 

L 

^ 1'ront C rankcase and \ alvc Guide. .... 

0005 L 

.000 

.001 

L 

^ Valve Tappet and Valve (.uide. 

000 

0005 L 

001 

L 

1 Valve Tappet and Push Rod Socket 

0005 T 

0015 T 

0025 

t 

Pnsh Rod Ball End and Push Nod 

0005 T 

0015 T 

0025 

t 

Push Rod Ball End and Pm .. 

.00*1 '1' 

000 

.014 

L 

"4 Push Rod Tube inner and outer 

.002 L 

004 T. 

006 

L 

^5. Cylinder Head and Valve Scat. .. 

.0065 T 

CK)8 T 

0095 

T 

Cylinder Head and Valve Guide — Inlet and Exhaust 

.0005 T 

.002 T 

.0025 T 

t>0. Inlet Valve and Lock — End Clearance 

.001 L 

.004 L 

.007 

L 
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79. Articulated Rod and Master Rod — End (Clearance.... 

Oil 

L 

.015 L 

.019 

L 

80 

Master Rod and Articulated Rod Pin Dia 

0005 

L 

.000 

.001 

T 

81 

Articulated Rod Pin and Hushing 

001 

L 

0015 L 

0025 

L 

82 

Articulated Rod and Rushing 

0015 

T 

.002 T 

0045 T 

83 

Rear Main Bearing and Liner 

0003 T 

0008 L 

.0015 

L 

84. 

Crankshaft and Main Bearing — Rear 

0001 

L 

.000 

.0015 T 

85 

Main Bearing Liner Rear and Crankcase 

008 

T 

.010 T 

.012 

T 

86 

Main Bearing Liner and Pm 

004 

T 

.001 T 

.003 

T 

89 

Blower Intermediate Lear and Shaft 

0005 

L 

.000 

.0015 

T 

90 

Intel mediate Gear Shaft and Ball Bearing — 







inside Dia .. . 

0002 

T 

000 

0007 

L 

01 

Blower Intermediate ( age and Case — Small Du . .. 

000 


.001 T 

.002 

T 

02 

Blower Intermediate C age and Bull Rearing — 







Outside Dia 

0002 

T 

.0006 L 

.0016 

L 

03 

Blower Intermediate Shalt and Spacer . . . 

0048 

L 

010 L 

.0153 

L 

94 

Blower Intermediate Cage and Case — Large Dia 

002 

T 

0(H) 

.002 

L 

95 

Blower Bearing Cover and Case 

002 

L 

(MK> L 

010 

L 

l *6 

Oil Screen Eerrnlc and Case 

0(H) 


010 L 

020 

L 

07 

Blower Shaft and Balt Bearing 

.0004 

T 

0(H) 

0004 

L 

98 

Rlowei Shalt and Slmger 

.0(K) 


.0005 T 

.0014 T 

00 

Blower Shaft Bearing Cage and Case. . 

000 


(K)l T 

002 

T 

100 

Blower Shaft Bearing Cage and Ball Bearing 

0003 T 

()(M)6 L 

0015 

L 

101 

Blower Shaft and Impeller Spline hit— Outside Du 

.000 


.001 L 

(M)2 

L 


Blower Shaft and Impeller Spline Pit —Inside Dia 

000 


001 L 

.0025 

L 


Blower Shaft and Impeller Spline hit — Width 

0005 

T 

.0002 L 

0015 

L 

102 

Blower Shaft and Jaw Spline — Outside 

0005 

L 

002 L 

(K)35 

L 

103 

Blower Shaft and Jaw Spline — Side ( learance 

.000 


.002 L 

.004 

L 

104 

Blower Shaft and Jaw Spline — Side ( leai.mce 

000 


001 L 

(H)4 

L 

105 

Blower Shaft and Bushings ... 

001 

L 

002 L 

003 

L 

106 

Blower Shaft and Ball Bearing 

(KM) 


0005 T 

.001 

T 

107 

Blower C ase and Ball Bearing 

0001 

L 

.001 L 

.0019 

L 

108 

Blower Case and Discharge Plale. 

010 

L 

020 L 

030 

L 

110 

Blower ( ase and Starter Shaft and Rushing 

0005 

T 

0005 L 

001 5 

L 

111 

Rear Case and Starter Shaft Bushing 

0005 

T 

002 T 

.0025 T 

112 

Rear Case and Starter 

001 

L 

.(H)4 L 

007 

I- 

113 

Rear Case and Carburetor Elbow (Cover . ... 

000 


.004 L 

.008 

L 

115 

Rocker Shaft and Ball Beanng. ... 

0001 

L 

.(KK) 

0007 

T 

1 If,. 

Valve Rocker and Shaft — Dia 

.0004 

L 

.000 

.0004 T 

117 

Valve Rocker and Shaft — End Clearance ... 

0004 

T 

(H)6 L 

.0156 

I. 

118 

Cylinder Head and Rocker Bearing ('over 

000 


004 L 

008 

L 

no 

Rocker Beating Cover and Bolt. .. 

()()() 


.004 L 

.(K)9 

L 

120 

Gun Control Gear and Pin 

002 

T 

.0005 T 

004 

L 

121 

Gun Control Cover and Nut 

001 

L 

.005 L 

.009 

L 

122 

Gun Control Gear and Nut 

0013 

L 

0025 L 

0037 

L 

1 ’3. 

Gun ( onfrol Gear and Ball Rearing 

0005 T 

.000 

.0003 

L 

124 

Gun Control Cover and Rear Case 

0005 

T 

.001 L 

.0025 

L 

125 

Gun Control Coier and Ball Bearing 

.0000 

L 

.001 L 

.002 

L 

126 

Magneto Advance Yoke and Pin 

0005 

T 

.(K)l L 

.0025 

L 

127 

Gil Pump End Plate and Body 

.000 


.001 L 

.004 

L 

'28 

Gil Pump IIoclv and Rear Case 

.000 


.002 L 

.002 

L 

■ 29 

f)il Pump Body and Oil Pump Pressure Both ... . 

.000 


001 L 

.004 

L 

'30 

Gil Pump Drive Gear and Key 

001 

T 

.0005 T 

.001 

L 

■31 

Gil Pressure Gear and Key 

.001 

T 

.0005 L 

.003 

L 

■ 3 i 

Gil Suction Idler Gear and Body — End Clearance . . . 

001 

L 

.003 L 

.005 

L 

* n 

Oil Pump Drive Gear and Oil Pump Idler Shaft in 







Oil Pump End Plate 

001 

L 

.002 L 

.003 

L 

■ >4. 

Oil Pressure Idler Gear and Oil Idler Suction 







Gear in Oil Pump Body and Oil Pp. Pressure Body 

005 

L 

007 L 

.009 

L 

- Rear Case and Dowd 

0(H) 


.0015 T 

.003 

T 
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136. Oil Pump Pressure Body ami Dowel 

.000 

.0005 

L 

.002 

L 

137. Oil Pump Idler Shaft and Oil Pump Drive Gear in 






Oil Pump Pressure Gear and ()d Pressure Pump 






Idler ( tear .... 

.0005 T 

.0005 

L 

.0015 

L 

138. Oil Pressure Idler Dear and Oil Pump Pressure Rodv 






— End Clearance 

001 L 

003 

L 

.005 

L 

139. Oil Pressure Relief Body and Plunger 

.002 L 

003 

L 

.006 

L 

140. Tachometer Drive Gear and Rear Case . . . 

001 L 

.002 

L 

.003 

I 

141. Tachometer Drive Gear — End Clearance 

.001 L 

.010 

L 

.025 

L 

142. Tachometer Drive Gear and Insert 

0008 T 

.002 

T 

0038 1 

143. 'radiometer Drive Gear and Coupling 

001 L 

002 

L 

003 


144. 'I'achomcter Coupling and Rear Case 

000 

.002 

I. 

004 

1 

145. Magneto Drive Gear and Shaft 

.001 '1' 

.000 


001 


146. Blower Case and Magneto Drive Bushing — Slmri . .. 

0005 '1' 

002 

T 

0025 


147 Magneto Drive Shalt and Bushings .... 

001 L 

002 

L 

003 


148 Blower Case and Magneto Drive Bushing — Long... 

.0005 T 

005 

L 

.0015 

L 

149. Rear Case and Magneto Drive Bushing — Ling 

0005 T 

.002 

T 

0025 

'1 

150. Magneto Drive Shaft and Fuel Pump and Gun Con 






trol Drive Gear 

0005 T 

001 

L 

.0025 I. 

151. Fuel Pump Drive (iear and Bracket 

.001 L 

002 

L 

003 

I. 

152. Rear Case and Fuel Pump Drive Bracket. 

000 

001 

1. 

004 

L 

153. Rear Case and Magneto Dowel 

.0005 O' 

0015 

T 

0025 

T 

154. Gun Control Bushing and Rear Case 

001 T 

.002 

T 

.003 

T 

155. Gun Control Bushing and Gun Control and Tadmm- 






eter Drive Gear 

*001 L 

002 

L 

003 

I. 

156. Kev in Fuel Pump and Gun Control Geai 

.0005 J, 

001 

L 

0035 

L 

157. Magneto Drive Shaft and Kev 

001 T 

000 


.002 

L 

158. Fuel Pump and Gun Control Drive Gear and Ke\ - 






Top Clearance 

.007 L 

012 

L 

.017 

L 

159. Magneto and Dowel 

000 

001 

L 

.003 

L 

160. Rear Section Pressure Pipe in Rear Cast — Vpper .. 

000 

001 

'1' 

.002 

t 

161. Oil Pressure Pipe Rear and Rear Section. 

000 

.001 

T 

.002 

T 

162. Rear Section Pressure Pipe in Rear Case — Lower 

0005 T 

002 

T 

0025 

T 

163. Oil Pressure. Pipe Rear — Blower Section 

000 

.0005 

L 

.002 

L 

164. Blower Section, Oil Pressure Pipe and Bracket 

.0015 T 

.0015 

T 

0045 T 

171. Oil Feed Bearing Bracket Dowel in Mam Crankcase 

0(H) 

.0015 

T 

003 

r r 

172. Oil Feed Bearing Bracket and Dowel 

000 

.0005 

L 

.002 

I. 

173. Blower Shaft and Spacer... 

.000 

.001 

L 

.002 

L 

174. Blower Shaft Ball Bearing Closure and Blower Shaft 






Bearing Cage 

.0005 T 

.0005 

L 

0015 

L 

175. Blower Impeller and Case . . . . 

Fit tn 015 

L t«, 

020 

L 


176. Magneto Drive Cover and Rear Case 

000 

.000 

L 

012 

L 

177. Magneto Drive Oil Shield and Rear Case 

.000 

.002 

L 

.004 

L 

178. Fit at Assembly to .008" End Clearance 






179. Fit at Assembly if necessary 






180. Fit flush at Assembly 






181. Crankshaft and Plug 

.002 T 

.003 

T 

.006 

T 

182. Thrust Bearing and C ase — Dia ' 

.0002 L 

.0002 

T 

.0016 l 

183. Thrust Bearing and Case — Dia 

.(XH)2 '1' 

.001 

L 

.002 

L 

184. Thrust Bearing Cover Ring and C*ase — Dia 

.019 L 

.025 

L 

.030 

l 

185. Thrust Bearing Cover and Case 

001 L 

.002 

L 

.004 

L 

186. Thrust Bearing and Case — End Clearance 

0036 T 

.004 

L 

.0074 I 

187. Thrust Bearing Oil Shnger and Nut 

.000 

.001 

L 

.003 

L 

188. Cam Drum and Bushing 

.006 L 

008 

L 

.010 

1- 

189. Oil Distributor Bracket and Bushing 

.0015 T 

.003 

T 

0045 i 

190. Front Main Bearing and Crankshaft 

.0003 L 

.000 


.0014 

I 

191. Front Main Bearing and Liner 

0005 T 

.001 

I, 

.0017 

1 

192. Front Main Bearing Liner and Case— Large Dia... 

.011 L 

.031 

L 

.051 

i 

193. Oil Feed Pipe — Upper and Bracket 

000 

.000 


.002 

I 
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194. Crankshaft and Bearing-End Clearance 

.0065 L 

.012 

L 

.0195 L 

R5. Crankshaft Front and Bearing 

.001 L 

.002 

L 

.003 L 

196. Crankshaft Rear and Crankshaft — Small J)ia 

000 

.0005 

T 

.001 T 

197. Crankshaft Rear and Ciankshaft— Large Dia 

.000 

.0005 

T 

.001 T 

198 Piston Pm and Plug 

.(1025 T 

.003 

T 

.0045 T 

1 99. Piston and Piston Pin 

0005 5 T 

0003 

L 

.00055L 

200. Piston and Cylinder Sleeve — Lower. ... ... 

030 L 

033 

L 

.034 L 

201 Piston and Cylinder Sleeve — Upper 

043 L 

.0-15 

L 

.047 L 

202 Exhaust Valve and Valve (nude 

0065 L 

007 

L 

.0085 L 

204 Exhaust Valve and Plug . 

000 

001 

T 

.002 T 

205 Cylinder Head and Rocker Shalt— Ball Rearing 

000 

0005 

L 

.0012 L 

206. Cam Bearing Spacer and Ring. 

0(H) 

006 

L 

.012 L 

207. Cam Bearing Sparer and Ring — Big Hud Clearance 

Of H) 

002 

L 

.008 L 

208. Crankshaft and Propeller Huh — Outside Dia 

004 L 

.006 

L 

010 L 

209. Crankshaft and Propeller Huh — Inside Dia 

003 L 

005 

L 

.000 L 

210 Crankshaft and Propeller Huh— Side Cleaiance . .. 

0007 L 

001 

L 

0033 L 

211 Crankshaft and Propeller ITub — Centering Cone 

.0005 L 

001 

L 

.0035 L 

212 Propeller Hub Clamp— Male and Female — Side 





Clearance ... 

000 

002 

L 

.004 L 

213. Propeller Huh Clamp— Male and Female and Pm... 

0(H) 

001 

L 

.003 L 

214. Propeller Huh Clamp — Alalc and Female and Bolt . 

.0055 L 

.010 

L 

.0315 L 

215 Rear Crankcase and Generator Support and (icnerator 

(KH» 

.002 

L 

.004 L 

21 6. Generator Drive Gear and Ball Bearing 1 D 

0001 L 

.0005 

T 

.0009 T 

217. Generator Support and Ball Bearing OI). 

0005 T 

.0005 

L 

.0013 L 

218 Generator Support and Ball Bearing — End Clearance 

0013 L 

003 

T 

.0077 T 

219 Generator Pinion and Starter Gear — OI) 

002 L 

.008 

L 

.014 L 

220 Generator Pinion and Starter Gcar--I D 

002 L 

.010 

L 

.018 L 

221 Generator Pinion and Starter Gear Width 

.000 

002 

L 

.004 L 

2 22. Valve Adjusting Screw and Plug 

(Kin 

.003 

T 

006 T 

223 Blower Drive Gear Bushing and Gear 

(KKi L 

007 

L 

.008 L 

224 Blower Driver Gear Bushing and Blower 

.0005 L 

.001 

T 

.0025 T 

225 Valve Rocker Bearing Bushing and Cylinder Head. . 

0015 T 

002 

T 

.004 T 

226 \ alve Rocker and Cup .. .. .... 

000 

001 

T 

.0025 T 

227 Floating Blower Drive Gear— End Clearance 

.004 L 

.007 

L 

.010 L 


QUESTION'S FOR U FA IKW 

1 What is tlu* difference bi'twmi "Wasp” and "Hornet” Acm engines 
2. What parts arc interchangeable on these engines? 

2, What is the construction of the "Wasp” crankshaft? 

4 Outline proper operating conditions, "Wasp" engine. 

5. Wh\ should new engine be run carelulh ? 

f>. What pai ts of "Wasp" engine need periodic inspeition? 

7. When is a Top overhaul needed? 

8 I low ,ire "Wasp” valves removed * 

9. How is the accessory section dismantled i 
10. Describe checking and adjustment of blower drive clutch. 
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MISCELLANEOUS AIR-COOLED ENGINES 

Lorraine Aviation Motors — Wright “Tornado” V-1456 Engine — Cameron Fixed 
Radial Type Aero Engine — Curtiss Challenger — The Walter Castor Engine— 
Bristol Jupiter Engines — Bristol Reduction Gear — The Salmson AB9 Engine— 
Menasco-Salmson Model B2 — Curtiss Chieftain Engine — Study of Various Engine 
Types — Nine Cylinder Single Row Radial — Fourteen Cylinder Two Row Radial 
— Twelve Cylinder Vee — Twelve Cylinder Hexagon Type — Armstrong-Siddeley 
“Leopard” Engine. 

Air-cooled a\ nation motors arc made in many t\ pes and sizes, and new 
models are being announced from time to time so it a\ ill 1>c apparent that 
a consideration and description of all types is out of the question. The new 
designs ottered dil'ler only in matters of minor detail from the older types 
For this reason some typical motors have been selected from the large 
number available and in \ie\v of tbc rather complete descriptions given in 
other chapters of this book of various popular t\ pcs, it is believed that the 
descriptions which follow' will pro\c adequate to give the reader a good 
idea of the characteristics of the typical designs illustrated and described 
in this chapter. 

Lorraine Aviation Motors. — The Socicte Lorraine, 200 Route De Bezons, 
Argcnteuil, S. and (). France, has produced numerous types of aircraft 
engines, both air- and water-cooled The 100/100 C V. T\ pe shown at 
Fig. 041 is a five cylinder static radial t v pc The magnetos, oil pump and 
valve gear are placed at the propeller end of the engine The carburetor, 
fuel pump, starting distributor and tachometer drive are located at the anti- 
propcller end as shown at Fig. 642 The compression ratio is fi\e to one 
The bore is 125 millimeters, the stroke is 140 millimeters which gives a 
stroke-bore ratio of 1 12. The cylinder is provided with one intake and one 
exhaust valve The rated power of 100 ('V (cheval-vapeur or French rating i 
is attained at 1,250 r p.m. The total weight of the engine with accessories 
is 150 kilograms or 320 pounds, the weight-power ratio being 2.3 pounds 
per French horsepower. 

The cylinders are made in two parts, the head is aluminum alloy and 
the barrel of steel, each being provided with beat radiating flanges as shown 
at Fig. 643. The valve seats are of .special metal inserted in the alloy head 
The cylinder retention is by clamping rings which hold it on the crankcasi 
Each cylinder is provided with two sparkplugs and a coupling for the an 
starter. The crankcase is a well ribbed aluminum casting, the rib- 
being inside and a large opening, closed by a plate* which also acts as ■ 
bearing support at the lear, permits assembly of the crankshaft and con 
necting rod assembly. The front section is removable and is provided 1 ■ 
hold the timing and the magneto and oil pump drive. The rear cover <■ 
the crankcase also serves as a collector for the intake gas and pipes radi.it 
from the chamber to the various cylinders in the conventional manne 1 
This also carries various minor accessor) drives. The pistons, which a< 
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diown at Kig. 644 are of special aluminum alloy and arc provided with 
two compression rings and one t)il regulating ring, all being carried above 
the wristpin. The piston wall is relieved at the wristpin, which is retained 
by spring rings fitting annular grouses in the bosses. 



Fig. 641. — Three-Quarter Front View of Five-Cylinder Radial Lorraine 100/110 CV 

Engine. 

The crankshaft, which is made of high strength alloy steel is a one piece 
r urging carefully machined and balanced It is supported by two roll er 
hearings and has counterweights bolted on. A ball thrust bearing supports 
die propeller hub end of the shaft. The shaft is bored out to secure light- 
ness and passages for the lubricating oil. The connecting rod assembly 
is shown in place on the crankshaft at Fig. 645. The master rod is a steel 
forging of I section carrying link rods of tubular section. The big end 
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of the master rod is divided to permit assembly on the one piece shaft, tin 
cap being held in place by four bolts. The link rods are bushed with bronz< 
at each wristpin and knuckle pin bearing, the master rod big end is bushed 
with white metal. 

The valve timing is by an epicycloidal or planetary gear train as shown 
at Eig. 646. The cam has two sets of lobes, one for the exhaust and one 





Fig. 642. — Anti- Propeller End of the Lorraine 100/110 CV Aviation Engine Showing 
Fuel Pump and Carburetor Installation. 

for the inlet valves. The usual rocker arm and tappet rod valve actuation 
means is used. The valve rockers are mounted on roller bearings and have 
looped or horseshoe type return springs of hat steel which always keep 
rocker arm pressed against valve tappet rod ends. The oil pump comprises 
pressure and scavenging members and tillered oil is directed to the crank 
shaft interior, from which it lubricates the bearings and big end of master 
rod by direct pressure and the c\ linder interiors by oil spray. Part of the. 
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Fig. 643. — Lorraine Air-Cooled Motor Cylinder Construction. 



Fig. 644. — Lorraine Aviation Engine Piston is of Aluminum Alloy. Note Relief 

Around Wristpin Bosses. 
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oil is circulated around the mixture passage to heat the gas and simul- 
taneously cool the oil. A double carburetor is used, provided with altitude 
correction means. Ignition is by two magnetos. A carbureted air startei 
is used, each cylinder being provided with a check valve fitting mounted 
between the sparkplugs. The Lorraine 230 C.Y. motor is shown at big 
647 A This is a seven cylinder static radial type. It differs from the engim 
previously described in several important particulars. The magnetos, oil 
pump, double carburetor, fuel pump, starter distributor, gun drive am 1 



Fig. 645. — Crankshaft and Connecting Rod Group of Lorraine 100/110 CV Aviation 

Motor. 

tachometer drive are all at the anti-propeller end, only the valve gearing 
being at the propeller end. The cylinder bore of this motor is 135 milli- 
meters and the stroke 150 millimeters, the ratio being about the same as 
in the smaller motor. The C) linders are of composite construction, having 
one inlet and one exhaust valve in each cylinder. They are held to the 
crankcase by studs and nuts instead of threaded ring nuts as the smaller 
cylinders are. This engine delivers 230 C.V. at 1,800 r.p.m. The motor 
weighs 260 kilograms with propeller hub and 270 kilograms with all acces- 
sories. 

A larger Lorraine engine having fourteen cylinders is shown at Fig. 
647 B. It is composed of two banks of seven in staggered relationship 
The arrangement of accessory dri\cs and valve timing and actuating mech- 
anism is similar to that previously described. Its nominal rating is 470 
C.V. at 1,800 r.p.m. but it has shown as high as 550 C.V. in tests with 
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higher compression cylinders. The normal ratio is five to one. The cylin- 
lers arc the same as used on the se\en cylinder engine and have the same 
hore and stroke. The engine weighs 420 kilograms with propeller hub and 
440 kilograms with all accessories. Other models of Lorraine air-cooled en- 
gines arc made hut the forms illustrated may he considered typical. 

Wright “Tornado” V1456 Engine. — The W right “Tornado” VI 456 is 
an experimental twelve cylinder air-cooled engine of the inverted “Vee” 
type, rated at 550 horsepower at 2,400 r p m. This type of high speed 



Fig. 646. — Planetary Valve Cam Drive Gearing of Lorraine 100/110 CV Aviation 

Motor. 

engine is considered a very interesting development on account of its ad- 
vantages for use in high-speed planes, especially combat planes. It is be- 
lie\ed that this engine is the logical type to supplant water-cooled “Yee” 
Type engines in medium and large sizes, such as the Wright “Tornado” T3 
type which has serxed the United States Navy so well in the past few 
> cars. This engine has been previously illustrated at Fig. 231. As this is 
a special type but little data is available for publication at this time. 

SPECULATIONS 

Type .... ... Inverted Vee Air Cooled 

Number of Cylinders 12 

Bore 4 7 n" 

Stroke f* 1 -" 

Rated Power 550 b.lip at 2400 r.p.m. 
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Cameron Fixed Radial Type Aero Engine.™ The Cameron engine of 
seven cylinders of fixed radial type air cooled has been built by the Nationaj 
Aero Corporation, of New York City, from designs of E. S. Cameron, who 
for a good many years was acthc in the automobile industry. The engine 
which is shown at Figs. 648 A, 11, C and D, has a bore of inches, and a 
stroke of inches, giving it a displacement of 420 cubic inches. It is said 
to develop 100 horsepower at 1.800 r.p in. and. weighing 280 pounds com 
pletc, its specific output is one horsepower for e\ery 2.8 pounds of dr\ 
weight, and one horsepower for every A 2 cubic inches of displacement 



Fig. 647 A. — The Seven-Cylinder Lorraine 230/270 CV Radial Air-Cooled Aviation 

Engine. 


It is planned to build the engine with two different compression ratios, a 
ratio of 5.4 to 1 for installations where ordinary commercial fuels may have 
to he used, and a ratio of six to one where only aviation gasoline is to be 
used. 
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The crankcase, as can be seen by study of the sectional drawing at Fig. 
o48 A, consists of an aluminum casting, with an opening at one end through 
which the crankshaft can be introduced. This opening is closed by a cover 
plate, and the two anti friction roller t\pc main bearings for the crankshaft 
are mounted in the end wall of the crankcase and in the cover plate respec- 
tively. High tensile cast iron alloyed with nickel and chromium is used 



Fig. 647B. — The Fourteen-Cylinder Lorraine 470/550 CV Radial Air-Cooled Aviation 

Engine. 

lor the cylinder castings which have the. cylinder heads cast integral with 
them. The cooling fins which increase in depth as the head is approached, 
• ire finished by machining except for one or two nearest the head, in the 
case of which there are necessary irregularities which make a turning opera- 
tion impossible. Each cylinder is secured to the crankcase by means of an 
integral flange and a threaded ring, which makes a very light and secure 
fastening. 

A feature of this engine is the arrangement of its valves and the form 
of its combustion-chamber. There are two inlet and two exhaust valves per 
cylinder. The two pair of valves are located opposite each other in the 
cylinder head, the exhaust valves having their seats directly on the cast iron 
of the cylinder casting, and the inlet valve having bronze seats inserted in 
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an aluminum inlet manifold which is held to the cylinder head by four studs 
The stems of all four valves are parallel to the plane through the cylindei 
axes, sci that the valve springs are located between adjacent cylinders. Thn 
gives a comparatively flat cylinder head which can he readily cooled b\ 
means of cast-011 ribs or flanges extending in the direction of flight. T\\u 
sparkplugs are provided for each cylinder, at opposite ends of the compres- 
sion chamber, and the incoming cool charge first fans the exposed innei 
ends of the sparkplug and then sweeps over the exhaust valve heads, all 01 
which helps 111 preventing trouble from self-ignition and detonation. 


tn da eh on Pipe 
\ 

\ 



Camshaft 


Fig. 648A. — Sectional View of Cameron Seven-Cylinder Air-Cooled Static Radial 
Aviation Engine Rated at 100 Horsepower at 1,800 R.P.M. 

The valve operating mechanism, also, is out of the ordinary. In a hous- 
ing at the forward side ol the crankcase is arranged the timing gear, which 
comprises a cam gear pinion on the crankshaft, a number of small idlei 
gears and a large idler gear mounted freely on the hub of the crankcase 
cover plate and meshing with gears on seven camshafts, one for each cyl- 
inder. Of course the gearing is so proportioned that each camshaft makes 
one revolution to every two of the crankshaft. Each camshaft carries one 
inlet and one exhaust cam and through these cams acts on rocker shafts 
which extend parallel with the cylinders up to the valves. i he rockei 
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.hafts at their outer end are provided with arms, but these do not actuate 
die valves directly. Intermediate shoes or sliding members of light alloy 
are used which protect the valves against all side thrust and thus minimize 
the wear of the vah c stem guides. The intermediate member is a duralumin 
iorging and slides on a hollow, hardened and ground steel pin. The hole in 


Valve rocker 
shaft housing 



Distributor J 

Zenith 

carburetor 


648B. — Three-Quarter View of Anti-Propeller End of the Cameron Seven- 
cylinder Radial Engine Showing Distinctive Valve Placing and Location of Ignition 
Distributors, Double Magneto and Starting Motor. 

‘he pin is closed by a machine screw at the end and the pin is filled with 
■raphite grease. This grease feeds out through a radial hole to both the 
hding surface and a roller carried by the sliding piece and on which the 
ever arm on the rocker shafts acts. 
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Cylinder Construction and Valve Actuation Mechanism. 
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All the four valves have a clear diameter of 1J4 inches hut the lifts are 
-jifferent, the inlet valves having' a lift of inch and the exhausts of 
inch. Operation of the exhaust valves is through the same source of mech- 
anism as that of the inlet valves. 

The combustible charge for the engine is prepared by a Zenith carbu- 
retor of 1^4 inch size. This feeds through a vertical outlet to the chamber 
of a blower located in front of the timing gear housing. This blower is 
of the centrifugal type and serves to mildly supercharge the cylinders. The 
chief object of the blower is to insure a thorough intermixing of the fuel 
:md air and consequently more uniform mixture distribution. The inlet to 
the blower from the carburetor is near the center and there are seven radial 
outlets from the blower housing, one to each of the inlet manifolds. These 



Fig. 649 . — Master and Link Rod Assembly of the Cameron Engine is Made of Heat 
Treated Dural Forgings and is a Distinctive Design. 


connections between the blower and the inlet manifolds are by duralumin 
tubes which are connected at their inner end by means of a gland nut and 
packing and at the inlet manifold end by means of a cap over the flange 
end of the tube. As in all engines of this type, the crankshaft has only a 
"ingle throw and is provided with counterweights for balancing purposes. 
It is made of a high-carbon chrome-nickel steel forging. Radial loads on 
die crankshaft are taken up by the two main bearings which are Hoffman 
1 oiler bearings, while all thrust load due to the propeller, etc., is taken up 
“U a deep groove ball bearing at the propeller end. Pistons are cast of 
aluminum alloy and are fitted with four rings each. Piston pins are secured 
ui the piston bosses by a pin-type set screw in each of the bosses. 

While the usual arrangement of one master connecting rod and articu- 
lated smaller rods is employed, the connection of the articulated rods to the 
master rods is worked out in a novel way. All connecting rods are dura- 
hirnin forgings, the complete assembly being shown at big. 649 A and B, 
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The master rod which has a center-to-center length of nine inches has a 
very liberal bearing on the crankpin — 2 y 2 by 3j > $ inches. The articulate- 
rods are forged with the knuckle pin integral and this pin has a bearing ii 
hardened and ground steel bushings in the master rod. Caps for the bear- 
ings of the articulated rods on the master rod are secured by means of 
studs screwed into the head of the master rod and headed over on the in 
side, so that it is not necessary to rely entirely on the holding power uf 



Fig. 650. — Side View of Curtiss “Challenger” Six-Cylinder Radial Air-Cooled Aviation 

Engine. 

threads in the duralumin. This construction makes it possible to bring 
the bearings of the articulated rods closer to the crankpin axis. Each cap 
stud serves for two adjacent caps, except those nearest the master rod which 
anchor only one cap end instead of two. 

Lubrication is by the dry sump system and the double gear-type pump- 
driven from the timing gears and located in a special compartment at tin 
bottom of the crankcase. Oil enters the hollow crankshaft at a plain bear 
ing adjacent to the roller bearing mounted in the cover plate and passe- 
through the drilled-out connecting rod shank to the piston pin bearing am! 
to the cylinder wall. All of the bearings of the articulated connecting rod* 
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also are lubricated by the pressure system. The bearing of the master con- 
necting rod on the cnuikpin is babbitted, the babbitt being poured directly 
into the head of the rod. 

Ignition is by a Splitdorf double magneto which generates four double 
sparks per revolution of its armature. This magneto is installed on a 
bracket over the rear extension of the crankshaft and is driven from the 
crankshaft through bevel gearing at such a ratio that its armature makes 
21 revolutions to 24 of the crankshaft as shown at Eig. 048 A. The arma- 
uire generates four double sparks per revolution. It will generate 84 sparks 
tor 24 crankshaft resolutions, which is the number required. Two separate 



Fig. 651. — Front View of Curtiss “Challenger” Six-Cylinder Radial Air-Cooled 

Aviation Engine. 

'istrihutors are provided independent of the magneto for the sparks to each 
<*t of plugs and all high tension cables are carried inside a cable guard of 
uiralumm tubing, e\en the wires from the plugs to the main cable guard 
re protected by oval section tubes securely fastened to the induction pipes. 

Curtiss Challenger. — The Curtiss Aeroplane & Motor Company, Inc., 
>ng known as an outstanding manufacturer of military and commercial 
nxraft and engines, is now placing on the market its latest type of aircraft 
ngine, the Curtiss Challenger. The Challenger is a six-cylinder air-cooled 
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radial type, developing 170 horsepower at 1,800 r.p.ru. It has been producer! 
primarily to fill the great demand for a reliable commercial engine of 
medium power. It is ideal in size for the two- or three-place open cockpit 
type of plane for training and general use, and for the increasingly popular 
small closed-cabin type. The Challenger differs somewhat in design from 
the usual single-row air-cooled engine. It has six cylinders, staggered in 
arrangement on a two-throw crankshaft as shown in the side view at Fig 
650. This unique design provides several advantages over existing types 
The cylinder arrangement is equivalent to two three-cylinder engines 
mounted end to end. This provides for perfect dynamic balance, which 
not possible with usual radial types, and makes the Challenger an excep 
tionally smooth-running engine throughout its entire operating range The 
staggered arrangement of cylinders makes possible excellent streamlining 
of the engine cowling. This, plus the inherently low frontal area of a short 



Fig. 652. — Rear View of Curtiss “Challenger” Engine Showing Mounting of Ignition 

Magnetos and Carburetor. 

stroke, large-bore engine, insures excellent performance characteristic^ 
The front view of the Challenger engine is given at Fig. 651. 

Perfect fuel distribution is obtained by the use of a double carburetor, 
each barrel of which supplies fuel to three cylinders through a simple mani- 
fold cast integral in the crankcase. Th^se manifolds are of the closed oi 
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“ramming” type, providing a surging, turbulent flow of gas to each cylinder, 
, insuring maximum power. Excellent range of vision for the pilot is in- 
ured by the wide spacing of cylinders at (>() degrees and by the small over- 
all diameter of the engine. Particular care has been paid throughout the 
design of the Challenger to the requirements of accessibility and easy main- 
tenance. There is plenty of room to work on the engine, and the cylinders 
may be removed and the engine entirely overhauled without removal from 
the airplane. Adjustments on valve tappets, oil pressure, tuning, and car- 
buretor arc easily made, and the carburetor and oil screens are accessibly 
located for periodic cleaning. The rear view of the Challenger engine at 
l ig. ()52 shows the grouping of the accessories and auxiliaries. Recent 
Ihghl tests of the Challenger engine in the Curtiss “Robin” cabin mono- 
plane have thoroughly demonstrated its suitability for commercial service. 




Fig. 653A. — Curtiss “Challenger” Engine Crankshaft and One of the Connecting Rod 
Assemblies in Place. B — Illustration Showing Construction of “Challenger” Master 

Rod and Link Rods. 

1 he Robin, carrying a pilot, two passengers and baggage, takes off easily 
'after a short run, climbs at 900 feet a minute, and has a top speed of better 
ilian Ilf) miles an hour. The first Challenger engine in addition to passing 
die standard 50-hour block test, lias been flown for more than 100 hours 
under all kinds of flying conditions and so far has required no maintenance 
v\ liatever. 

The cylinders are the usual composite type having heat treated cast 
•‘Hoy heads screwed and shrunk oil alloy steel barrels, flanges being ma- 
r tuned on the barrels as well as cast on the heads. Rocker boxes are cast 
integral with the heads and are fitted with easily removable covers for valve 
fappet adjustment. Two valves are used per cylinder, these seating on the 
'isual bronze insert. The ports for both intake and exhaust valves face 
directly aft, providing for simple manifolding. The crankcase in an alumi- 
num casting in two halves, split through the center line of the front row 

cylinders. This provides a rigid construction that permits of easy as- 
nnbly. The induction manifolds, four bosses for mounting the engine 
uid accessory drive housing are cast integrally with the rear half of the 
lankcase. Mounting bosses are provided with rubber inserts through 
Uiich the mounting bolts pass and the absence of metal to metal contact 
hminates or at least greatly reduces transmission of vibration. 



1344 


MODERN AVIATION ENGINES 


The crankshaft which is shown at Kig. (>53 A is a conventional two 
throw type in perfect balance, having small counterweights forged integral 
with the extreme crank cheeks. This conduces to smoother running ami 
permits safe operation at high speeds. The crankshaft is mounted on "three 
ball bearings, the one nearest the piopeller hub serving as a combined radial 



Fig. 653C. — The Curtiss “Challenger” Engine Cylinder. D — Accessory Drive Gear- 
case of “Challenger” Engine. 

and thrust bearing. The connecting rods consist of two master rods, each 
fitted with two short rods. The master rods are positioned at 180 degrees 
to each other, providing against imbalanced inertia forces The master rod 
hearing cap is provided with four large studs for attaching it. This design 
provides a rigid cap with excellent support for the hahhitt-lined steel- 
backed bearings. The bearings for the short rods are of bronze. All rods 
are heat-treated steel of “11” section and the assembly is clearly shown at 

Fig. 653 1>. 

The pistons are of cast aluminum alloy, of the regular Curtiss ribbed 
type, with domed beads. There is ample oil collection space within the 
piston to insure against oil running into the combustion-chamber, after the 
engine is stopped. Each piston is provided with five rings, two compression 
rings and two oil control rings being located above the piston pin, and a 
third oil control ring below it. Piston pins are full-floating, of case hard- 
ened alloy steel, and fitted with aluminum caps to protect cylinder walk 
from scoring. The valve mechanism is actuated by a double cam, driven 
through a train of four spur gears, eliminating the internal gears usually 
employed. Heavy duralumin push rods, with hardened steel ball end,-, 
actuate the rocker arms, which are mounted in shielded ball bearings, aim 
equipped with adjusting screws for valve tappet adjustment. These screw ■ 
are carefully designed to reduce side thrust on the valve stems and increase 
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the life of the wearing parts. The valves are of special silchrome steel, 
seating oil bronze inserts in the cylinder heads The excellence of the valve 
design is attested by the fact that after more than 200 hours of running in 
the first Challenger engine, the valves, without being ground, were found 
to stdl hold gasoline when tested. 

All accessories are located on the rear of the crankcase, which they are 
protected from rain and dirt. The regular equipment includes two high- 
tension Scintilla Magnetos, and pressure and scavenging* oil pumps Rro- 
\ isioii is made for standard types of starter, generator, and plunger tvpe 
gun control. All accessories are dri\en through spur gears, which require 
no adjustment and thus reduce assembly and maintenance costs. The 



Fig. 653E. — Crank Case Construction of Curtiss “Challenger” engine, Showing Di- 
vision Into Two Main Members. 

lubrication system is the “pressure and sca\ enging” type, similar to that 
successfully employed in all Guriiss engines. A pressure pump feeds the 
oil tank through a fine screen in a small pressure chamber, to the rear main 
hearing, which is used as an oil seal. The screen is designed as a valve so 
that during cold Weather if the oil is too thick to flow 7 through the screen, 
it w r ill lift fiom its seat and permit the oil to flow around it. The oil feeds 
into the crankshaft and the pressure is controlled at the propeller end by 
a bypass valve accessibly located in the nose casting. This method of con- 
trol insures positive pressure to every point in the crankshaft, from which 
oil is distributed to all parts of the engine. The return oil collects in a 
sump at the bottom of the crankcase, so located that oil wall drain into it 
at gliding attitudes. The pressure and scavenging screens, oil drain plug, 
and oil thermometer well are in this sum]). A single scavenging pump re- 
moves oil from the sump and returns it to the oil tank. The rocker-arm 
hearings and ball ends are lubricated from Alcmite connections on the 
rocker boxes. 

The carburetor is a Stromberg NA-U4J double barrel type, simple in 
design and specially developed for use with the Challenger engine. Exten- 
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sive flight tests have demonstrated that the excellence of carburetor and 
induction system design provides the Challenger with remarkable accelera- 
tion from idling to full throttle speed, and smooth operation throughout the 
entire range. The carburetor is attached to the lower rear end of the crank 
case for use with a gravity gasoline system. Pro\ ision is made on the 
engine for installation of an Army type 0-5 fuel pump if it is desired to 
use a pressure fuel system. To insure perfect carburetion in cold wcatliei 
the carburetor is exhaust jacketed around the barrels, using a hot-spot 



Fig. 654. — Front End of Curtiss “Robin” Cabin Monoplane Showing Neat Installation 
Possible with Curtiss “Challenger” Engine. Note Effective Cowling and Disposition 
of Exhaust Gases to Muffling Device Under Cabin. 

elbow taking exhaust heat from the lower left cylinder. The hot-spot 
elbow is fitted with a valve to control the amount of exhaust heat admitted 
to the carburetor. This arrangement prevents the formation of ice in the 
carburetor and insures proper carburetion in any weather, without the loss 
of power caused by the usual type of auxiliary heater, which heats the aii 
going to the carburetor. Dual ignition is provided by two six-cylinder high- 
tension Scintilla Magnetos located on the rear of the crankcase. There 
are two sparkplugs per cylinder, thus affording a reliable dual system of 
ignition. The magnetos are easily remoxed for overhaul. 

CHARACTERISTIC'S 

.Curtiss Challenger 
.170 
.R-600 


Name 

HP. (Rated) at 1800 R.P.M 
Model 




\ 


WALTER -CASTOR ENGINE 


Type nf Engine 

No. of Cylinders 

Arrangement of ( Winders ... 

Bore 

Stroke 

Diameter of Engine (inches) 

Displacement 

Tgnition System 

Carburetor 

Fuel Consumption C rinsing . . 
Oil Consumption 
Speed of Propeller 
Rotation of Propeller . . 
Weight of Engine 


..Static Air-cooled Radial 

. .6 

. .2 Radial rows of 3 
..S’h" 

. 4254 
. 603 cu in 
.2 Scintilla Magnetos 
Stiombcrg NA-U4J 
. 50 lhs per B HP. hour 
. 015 lhs per B HP hour 
. ( 'rank shaft 
. . Clockwise 
. .420 lhs. 
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The Waiter-Castor Engine. — T he Walter Works*, of Prague, Czecho- 
slovakia, which already have gained considerable experience in the manu- 
facture of air-cooled engines, ha\ e added to their line a 240 horsepower 
fixed radial tvpe -which w as recently described in Antonio live Industries and 
which is shown at Pig. (o5. The engine was recently tested under the 
supervision of a committee of the Ministry of Public Works and passed 
successfully through the tests specified by the International Commission on 
Aerial Navigation. The cylinders are machined from a solid block of ham- 
mered steel and have the cooling fins and the flange at the lower end by 
which the cylinder is bolted to the crankcase turned during the machining 
process. At the top the c\ linder is screw -threaded so the cylinder head 
can he screwed on. The cylinder heads are aluminum alloy castings, heat- 
treated. 'They are screwed onto the cylinders and locked in place by means 
nf a device on which a patent has been applied for. The advantage of this 
construction is that the cylinder heads are readily interchangeable. Bronze 
valve seats are pressed into counterbores in the head and are rolled. The 
rocker levers have roller hearings on the rocker lever pins which latter are 
supported 1>\ pillars screwed into substantial bosses on the cylinder head. 
'The valves are made of tungsten steel and their stems pass through remov- 
able bronze guides. Each valve is fitted with three helical springs. 

The pistons are cast of aluminum alloy and have slightly concaved 
heads. Piston heads arc re-enforced hv ribs w hich also re-enforce the piston 
bosses. There arc two compression rings on each piston, m addition to an 
ml ring. The master rod is made of chrome-nickel steel of 1 section and the 
articulated rods are of circular section. The master rod is supported on 
the crankshaft through two roller hearings. It is said that this construction 
has been fully proved out in other Walter engines and that, although the 
connecting rod head diameter is increased by the use of roller bearings, this 
enlargement is fully warranted by the long wear of these bearings. The 
connecting rod assembly is fully counterbalanced. 

The crankcase is made in halves and also has tw r o header plates. The 
halves are held together by steel holts which also serve to fasten the engine 
down to the engine bearers of the plane. The crankshaft, which is a forging 
•>f Poldi steel, is supported on three roller bearings taking the radial loads 
due to gas pressure and inertia forces, and the third, a thrust bearing located 
m the front cover of the engine, taking the propeller thrust. The crankshaft 
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is made in two parts which are joined together by a method which is said 
to assure perfect rigidity. The crank arms are extended to the opposite 
side of the main journals and are provided with counterweights. A cam 
disc, which is located m the forward compartment of the crankcase, is pro- 
vided with two series of cams, the four forward cams actuating the exhaust 
valves and the four rear cams the inlet vuhts. Each set of \alves is ac- 
tuated through pushrods with roller cam followers. The pushrods transmit 
the motion to the rocker levers which are fitted with helical retracting 
springs. The cam disc is driven from the crankshaft through a train of 
gears in an appropriate ratio. 



Fig. 655. — The Waiter-Castor Seven-Cylinder Radial Aviation Engine. 

A Zenith dual carburetor. Model 60 DCJ, is fitted to the rear cover and 
supplies mixture to a diffusing chamber formed between ihe end wall of 
the rear half of the crankcase and its cover. A rotor mounted on the crank- 
shaft is located in this diffusing chamber and leads from the chamber ex- 
tending to all of the inlet valves. The carburetor as well as the diffuser 
chamber is heated by oil from the engine. Lubrication of all parts of the 
engine is effected by means of a gear-t\ pc pump located in a cavity in the 
rear cover of the crankcase and driven from the crankshaft tluough a paii 
of spur gears. All of the oil draining from the various hearings collects in a 
sump communicating with the lowest part of the crankcase. The oil enters 
this sump through a strainer and is drawn from it and forced hack to an 
outside oil tank by a drain pump, passing through the jackets of the car- 
buretor and the diffuser chamber on its way. 

Dual ignition is employed and two magnetos are fitted on brackets on 
the front case cover — either Bosch or Scintilla. The magnetos are driven 
by two gears from the cam disc drive. Auxiliary drives for the fuel ptunp, 
the distributor, the starter and the tachometer are inclosed in the rear covet 
which has a horizontal bottom. This method of mounting the accessories 
in the rear cover, wdiere they are completely inclosed, assures absolute 
“cleanness” of the rear part of the engine. The drive for the generator is 
also mounted on the rear cover. 
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The Waller-Castor engine is designed for use on both military and com- 
mercial planes. The makers state that its high compression ratio permits 
of increasing its power by 1(X) horsepower over the normal rating at full 
throttle at ground level, and that this represents a reserve of 40 per cent 
of its rating for altitude work. 

hollowing are the principal dimensions of the Waiter-Castor engine: 


Number of cylinders Seven 

Buie 5 314 in. 

Si rule e (»f)*)3 in. 

t'onipi esMun iatiu 6 1 

Nominal out pul J40 lip. 

Normal speed 1750 rpm. 

Maximum nut] nil J00 bp 

Maximum speed 1850 r p.m. 

Equivalent out pul . . 340 lip. 

Consumption ol a gasoline benzol 50-50 mixture 
of a spot' grav. of 0 800 0 810, pvr brake 

borsepnwet-bour .. . U 484-0 5OO lb. 

Consumption of nil per lmrsepowei -boiir 0 35-0 44 lb 

Weight of engine with propelk r bub 545 II) 


Continental Seven-Cylinder Engine. — The engine is a fairly conventional 
air cooled seven-cylinder radial of split-crankshaft design. No attempt has been 
made m its design to achieve an unusually low specific weight or exceptionally 
high output per cubic inch of displacement, major attention having been given to 
a high safety factor for all parts, reliability of operation, ease of manufacture 
and reasonably low cost. The weight and output figures are well within com- 
mercial requirements, however, being 2 .66 pounds per horsepower, and .276 
horse|xnvcr per cubic inch (horsepower figures according to rating). The fol- 
lowing description is taken from Automotive Industries. 

The cylinders have a hove of 4 5 8 inches and a stroke of that length, giving 
a displacement of 77.7 cubic inches per cylinder, and 543 cubic inches for all 
seven. The compression ratio is five to one. At 1850 r p.m., the engine develops 
150 hp. The engine, with carburetor and magnetos but without starter, genera- 
tor, exhaust pipes and air intake heater, weighs 400 pounds, Cylinder barrels are 
forged steel with aluminum alloy heads, heat treated, shrunk and screwed on. 
\ alve rocker boxes are cast integral with the cylinder heads and are provided 
with cast aluminum covers, secured hv studs and nuts. Aluminum bronze valve 
seats are shrunk into the head, spark plug inserts being of the same material. 

Each cylinder is secured by ten studs and nuts to the cast, heat-treated 
aluminum alloy crankcase. The latter is split in the center plane of the cylinders, 
the front half carrying the ball thrust and main forward roller bearing. The 
rear half contains the rear main roller bearing, the cast -in induction manifold, 
rain follower guides, and mounting bosses. The main roller hearings are 
mounted in bronze liners, and the thrust hearing (which is located well for- 
ward of the front main bearing for crankshaft rigidity) in a steel retainer. A 
breather is located on the front crankcase half. 

Listons are of the long-skirt type and of heat-treated aluminum, being cast 
m permanent moulds. Piston heads are made fairly thick, to keep down the 
piston temperature and permit of small clearance without scuffing. Expan- 
sion reliefs are provided near the pin bosses. Piston pins are secured in the 
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pistons by wire snap rings. There are four rings to the piston, three above and 
one below the pin. Master and articulated rods are all of H section and of 
chrome vanadium steel, the master rod being of the one-piece type. All rods 
are completely machined. Link-pin as well as piston-pin bushings are of 
bronze, while the crankpin bearing is a steel-backed, babbitt-lined cylinder. Link 
pins are case-hardened and secured by locking plates. 



Fig. 655A. — Rear View of Continental Seven-Cylinder 150 Hp. Airplane Engine 
Showing Placing of Accessories. 


The crankshaft is of the two-piece type, assembled at the rear crank-cheek 
Tt is of chrome-nickel steel. The two halve* are secured by means of a clamping 
bolt. The shaft is drilled for lightness, and plugged to provide pressure lubri- 
cation to crank and link-pin bearings. Pressure lubrication is also supplied 
to accessory drive bearings, with splash to other parts. All oil leads are drilled, 
there being no internal oil piping. 

Timing and starter gears are driven by a spline at the center of the rear por- 
tion of the cranksliaft. The cam ring assembly is mounted on a bronze bear- 
ing and driven by an intermediate gear mounted on a stud shaft secured in the 
gearcase. The crankshaft starter gear mounted on the spline referred to 
meshes with the starter gear above the crankshaft in a one-to-one ratio. 'Ihe 
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same crankshaft gear also meshes with the two magneto driveshaft gears, 
integral with these shafts. Cam and generator and pump shafts are driven 
bv the crankshaft timing gear through a serrated clutch held in engagement 
hv a screw at the end of the crankshaft. Of these shafts, the generator shaft 
is driven indirectly through the cam intermediate gear. The pump shaft is 
located transversely at the rear of the gearcase and is driven indirectly, through 
helical gears oil the generator shaft. From the pump shaft, which drives both 
,l pressure pump and a scavenging pump, the tachometer and fuel pump drives 
are taken, one at each end. 


Cover 


Valve housing 

Flanged alloy head 
Mixture pipe 


- Dome head 
combustion 
chamber 



v Master rod big 
V" end assembly 
showing link rods 


Fig. 655B. — Sectional View of Continental Seven-Cylinder Airplane Engine Through 
the Crankshaft Axis Showing Construction and Arrangement of Parts. 

All accessory drive gears are forged integral with their shafts, and plain, 
split-type hearings are used, except in the case of the oil pump shaft, which 
is mounted on ball hearings. All these gears, except, of course, the helical pump 
gears, are of the straight spur stub-tooth type, and of chrome-vanadium steel. 
The serrated clutch mentioned above is for timing adjustment, which is easily 
accomplished by disengaging the clutch h” loosening the screw at the rear end 
<>f the crankshaft. 
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Returning' to the valve gear, cam follower guides are of a special alumi- 
num alloy bearing metal. 'The cam ring and gear are of chrome-vanadium 
steel, case-hardened, and are riveted to a forged duralumin huh Rollers 
are also case-hardened, as are roller pins and push rod cups. Push rods 
are of duralumin tubing mounted with hardened steel ball ends. Rocker 
arms arc mounted on ball bearings, with lappet clearance adjustment on 
the front end of the rocker arm Valves are of the hollow stem tulip type, both 
inlet and exhaust being made of CNS steel. Two straight helical springs 
are used on each valve. 

Two Scintilla magnetos are fitted for ignition, the standard S A.F 
three-holt flange mounting being used. Distributor units for battery igni- 
tion can he substituted. Sparkplugs are I> (i . two per cylinder. Ratio 
shielding can Ik* furnished. Any tv pc of starter now available, it is stated, 
can be mounted, since the starter shaft carries both a tlnee-jaw clutch and 
an internal starter spline. Cylinder heads are tapped to accommodate tin* 
Hey wood starter fittings. An S.A.H. flange is provided for a fuel pump 
mounting, to be driven through a coupling from the pump cross shaft 
The carburetor is a single-barrel Stmmberg. Mixture is earned to the 
cast-in, “horse-shoe” manifold b\ a double, C-shapcd intake pipe. At the 
juncture of the arms of this pipe, an autoiimbile-tv pc hot spot jacket n 
provided. Heat control is designed to be operated from the cockpit b\ 
means of a butterfly valve, as in automobile practice. Exhaust flanges 
on the cylinders face forward. An exhaust ring and nose cowling will be 
furnished if desired, it is stated. 


spfcifications of tttf tdnti \f\ t \l sf\ fn-cyljndfr 

A I R (_ R \F1* F N ( 1 1 N K 


No. of Cylinders .. 

Pore and stroke . . . 

Displacement 

Rated power . . . 

Weight (approx ) . 

Fuel consumption 

Oil consumption 
Diameter mounting holt circle 
Outside diameter 
Propeller mounting 
Propeller mounting option. il . 
Makers 


/ 

4 s k bv D s 
5-14 cu m 

150 lip at 1K50 r p Tii 
400 lb 

52 per blip per In 
.03 lb. per b lip per hr 
20 m 
41 in. 

S \ K No 2 taper 
S \ F \o 20 spline 
( 'mil mental Motors ( *orp , 
Detroit, Mich. 


Bristol Jupiter Engines. — One of the main features of the P»ristol jupitcr 
engine is in the construction of the cylinders. They are turned from steed 
forgings, with the cooling flanges machined during the turning process, and 
have an integral combustion head provided with openings for the valve 
seats. To this cylinder an aluminum casting, having valve pockets in which 
are two sets of intake and exhau>t gas ports, and forming a separate cyl 
inder head, is applied in such a way that an intimate mechanical contact 
is obtained between the cylinder head and the integral steel combustion 
head to which the aluminum casting is secured. Each cylinder head is pro- 
vided with two inlet and two exhaust valves. The seats of the valves form 
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separate units and serve an additional purpose by aiding to maintain con- 
tact between the steel cylinders and the aluminum head. 

The pistons are of aluminum, and the connecting rods are arranged in 
the usual manner, in which eight link rods are pivoted around the big end 
of the master rod. An ingenious compensating device is provided to cor- 
rect tappet clearance and compensate for the effects of the cylinder expan- 
sion due to rising temperature. The crankshaft is a two-piece member 



iff. 656. — View from Propeller End of the Bristol Jupiter Series VIA, VI AM, VIAL 
Standard Ungeared Nine-Cylinder Radial Engine. 
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which has been previously illustrated and described. The crankcase R 
made of duralumin forgings instead of being a casting, which provides con 
sidcrable increase in strength and some reduction in weight. 

With the object of increasing the range of Jupiter engines the Bristol 
Company successfully carried out during 1 027 an intensive development 
program in their Engine Experimental and Research Departments. In 
addition to the standard direct-driven type, the “Bristol” Jupiter is iun\ 
available fitted with a gear-driven supercharger, or with a 2:1 reduction 
gear. The “Bristol" Jupiter Series YT A engine shown at Eig. 656 is a 
continuation of the well known Series \T, but with detailed improvements, 
by which the life is increased and upkeep is simplified, while its components 
are kept interchangeable with those of the supercharged and geared 
types, the whole series of Jupiter engines being generally interchangeable 
as regards installation Each of these engines has been granted a British 
Air Ministry CimI Type "best and accepted as airworthy under the An 
Navigation Regulations and Directions Act. All t\ pes are now in produc- 
tion and are being fitted in the latest service and commercial aircraft. The 
“Bristol" Company, who are both aircraft and aero engine manufacturers, 
with the aero engine department adjacent to the aerodrome, have also devel- 
oped and tested a complete range of installation extras and accessories for 
these engines, of which a complete stock is carried. Advice will be given 
on the most suitable types, so that customers can be relieved of the expense 
and delav usually involved with these accessories on new types of installa- 
tions. Idle engines are made in various models as follows: 

Jupiter YI.A., high altitude 63 to 1 compression: This engine is spe- 
cially suitable for fast military machines with a normal operating alti- 
tude of 15,000 feet upwards. With standard British service 80/20 fuel 
the engine is run partially throttled at sea level, full' throttle only being 
used at altitudes above 5,000 feet. At altitudes above this, the engine will 
show a considerable gain in power and fuel economy over the lower com- 
pression engines, giving the machine a proportionately higher ceiling. 

Jupiter YI.AM., general service 5.3 to 1 compression: This engine is 
similar to the YT A., apart from the compression ratio. Tt is especially 
suitable for general purpose military machines normally operating at alti- 
tudes between 5,000 and 15,000 feet, and requiring the maximum power 
available at ground level with standard British service 80/20 fuel. 

Jupiter Vl.Ak., commercial 5 to 1 compression: This differs from 
the VI. A engine in its compression ratio and the deletion of all purely mili- 
tary fittings. It is particularly suitable for commercial machines, the lower 
rating ensuring a very long life between ovei hauls and satisfactory opera- 
tion over a wide range of conditions, and w ith standard aviation petrol. 

Jupiter Series VI I, high altitude, with gear driven supercharger: The 
engine is essentially for use with comparatively lightly-loaded service 
scout machines, normally operating at altitudes of 20,(X)0 feet and upwards, 
and where the maximum performance at low altitude is not required. Full 
throttle is used only at altitudes of 12,000 to 15,000 feet upwards. Unde 
these conditions the improvement in performance over the Series VI engim 
in identical machines is remarkable, being over 30 per cent in climb, 15 pc 
cent in speed and 33 per cent in ceiling. This engine is interchangeahl' 
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\ith the Series VT, being- only 40 pounds heavier in weight, am is intended 
■ < ir use with standard British service 80/20 fuel. 

Jupiter Series VIII, geared two to one, high altitude, 5.8 to 1 compression: 
! Ins is a development of the Series VI A. engine with the addition of a 
I Kind turning gear for starting purposes, an engine driven petrol pump, 
and a two to one reduction gear of the well known Farman bevel epicyclic 



Fig. 657. — Side View of the Bristol Jupiter Series VIII, IX and XI Reduction Gear 

Engine. 


pe. The increased power output of this engine, combined with the high 
diciency of the comparatively slow revolving propeller, make this engine 
Inch is shown at Fig. 657 and 658 particularly suitable for high perform- 
11 -e bombers and comparatively heavily loaded service machines operating 
altitudes of 10,000 feet upwards. With this class of machine the im- 
'ovement over the Series VI engine is remarkable, being approximately 





1356 


MODERN AVIATION ENGINES 


30 per cent on the climb, ten per cent on the speed and 30 per cent in ceiling 
The engine is run partially throttled at sea level, full throttle with standard 
British service 80/20 fuel being only permissible at altitudes of 4,000 feel 
upwards. 

Jupiter Series IX, geared two to one, general service, 5.3 to 1 compres- 
sion : This is the geared equivalent of the Series VI. A. M., for service where 
maximum power at ground level is essential, or where the operating height 
of the aircraft is below 10,000 feet. This engine is intended to operate on 
British standard service 80/20 fuel. Jupiter Series XI, geared two to one, 
commercial, five to one compression: The geared equivalent of the Series 
VI.A.L., for commercial use, or where the use of standard aviation fuel is 
required. Series VITT and IX engines can be supplied with engine-driven 
fuel pump, gas starter distributor, 1 lucks starter claw, hand-operated turn- 
ing* gear, and operating cams for Constantinesco gun gear. The Series XI 
accessories are similar to the above, but with an auxiliary drive running 
at twice engine speed, in place of the C C. gun gear and petrol pump. 

The latest type of rocker gear standardized on all “Bristol” Jupiter 
engines from April, 1928, onwards incorporates several important modifica- 
tions resulting in greatly reduced w r ear, combined with simpler mainte- 
nance. The use of ball bearings, in place of plain bearings, allows of grease 
being used instead of oil, giving a cleaner mechanism and approximately 


THE “BRISTOL" JUPITER 
Series Ml 


Leading Particulars 


Type 

Bore 

Stroke 

Total swept volume .... 

Compression ratio 

Normal engine R P.M. 
Maximum engine R P. M. 

Engine rotates 

Propeller 

Rating at normal RPM. . 
Rating at maximum R.P M. 

Rated boost 

Carburetor 

Ignition 

Ignition control 

Oil system 

Tachometer drive 

Fuel recommended 

Oil recommended 

Standard weight bare 


0 cylinder air-cooled radial with gear- 
driven supercharger 
5.75" 146 m/m 

,7 5" 1 ( >0 m/m 

1.755 cu ms. 2 9.7 liters 

.5 3 
,1,755 
.1,950 

.Clockwise, looking on front 
.Direct drive left-hand tractor 
.420 B Hp. at 12,000 feet 
.440 B TTp. at 15,000 feet 
.Minus \% lbs/sq inch 
, I “Bristol” Triplex, oil heated 
.Dual, 2 H.T. magnetos 
.Fixed 

.Pressure 60 lbs. sq inch 
.% engine R.P.M 

.Standard service 80/20 benzol mixture 
.Castrol R, or pure treated pharmaceu- 
tical castor 
.760 lbs. 


This engine can be supplied with engine-driven petrol pump, gas startc 
distributor, I lucks starter claw, and operating cams for Constantinesc* 
gun gear. 
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;en times as long between lubricating periods. The special ball-ended 
locker adjusting screws give a greatly increased period between adjust- 
ments and ensure the retention of the correct clearances and valve timing 
on all cylinders. 

The carburetor specially designed and supplied for this engine is the 
‘'Bristol” Triplex carburetor, consisting of three variable jet type carbu- 
n tors, formed in one body and operated by one set of controls, giving a very 
-ompact instrument, which, while mounted low enough to allow of a good 
gravity feed, can be tucked up inside the cowling. The variable jet greatly 
meditates tuning and gives an exceptional range of altitude control, as 
borne out by the results of official tests in high altitude scouts. The latest 
t\pe now fitted to all Jupiter engines is heated by the hot oil drawn from 
the engine by the scavenge pump, the oil also circulating through the air 
intake elbow and the induction elbow, thus ensuring complete vaporization 
of the mixture, and preventing the possibility of the freezing up of the car- 
buretor under adverse weather conditions. Additional heating is provided 
by the special forward type air intake drawing the carburetor intake air 
over the lower cylinders. For commercial machines, or where fuel econ- 
omy cruising is of particular importance, the standard altitude control can 
he replaced by an automatic mixture control coming into action at any 
arranged throttle cruising position, and gning a ten per cent to fifteen 
per cent improvement in fuel consumption. 


THK "BRISTOL” JUP1TKR 
Senes VIII. IX and XI 
Leading Particulars 


Type 

Bore ... 

Stroke 

Total stroke volume 

Normal engine speed 

Maximum engine speed 

Propeller 

Propeller gear ratio 

Carburetor 

Ignition 

Ignition control 

Oil system 

Tachometer drive 

Fuel recommended 


Oil recommended. . . . 
Standard weight, hare 


Compression ratio 

Rated B.IIP. at normal RPM 

Rated RHP. at maximum R.P.A1 ... 


.0 cylinder air-cooled radial 
5 75" 14()in/m. 

.7 5" PMm/m 

.1,753 cu ins. 28 7 liters 

. 2,000 R P.M. 

.2,200 R P.M. 

.Left hand tractor 
.2 : 1 

. 1 “Bristol” Triplex, oil heated 
.2 11 T magnetos 
. Fixed 

. Pressure 60 lbs. sip inch 
. 34 engine K PM. 

.Standard service 80/20 benzol 
mixture 

. Castrol R, or pure treated 
pharmaceutical castor 


..880 lbs. 



Jupiter VIII 

IX 

XI 

5 8 

5,3 

5 

.440 at 4.000' 

485 

460 

.480 at 4,000' 

525 

500 
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An integral gear-driven supercharger is incorporated in this engine, in 
place of the spiral induction system, which is such a well proved feature 
of the naturally aspirated Jupiter engine. The blower is of the high speed 
centrifugal type, embodying certain interesting patented features, eliminatin'. 1 
the inertia problems inherent with this type of mechanism. The system n»' 
slipping clutches employed ensures that the impeller is protected from shod 
loads, the torque in the blower dri\e being practically constant; this, corn 
bined with the low tooth loadings, gives a quiet running drive of exception, ii 
durability. The unit is mounted immediately behind the rear wall of the 
crankcase, concentric with and driven from the tail end of the crankshaft, 
around which it revokes. Tn order to retain the simplicity and reliability 
of the standard type of carburetor and controls, the “Bristol” Triplex car- 
buretor is mounted on the intake side of the blower, the mixture being 
drawn axially into the impeller and discharged radially via a fixed diffuser 
into the annular induction chamber, which replaces the induction spiral 
From this chamber the mixture is fed to the cylinders by nine radial pipes 
in the usual manner. 

The fuel pump is of the well known gear wheel ty r pe, giving a nonlhic- 
tuating flow suitable for direct feed to the carburetor, and has been devel- 
oped to meet the demand for a more efficient and reliable unit than the 
windmill type pump at present in general use. it is standardized on the 
Jupiter Series VI I, VIII and IX engines, being positively driven from the 
gun gear drive shaft through a ball-ended vertical shaft enclosed in a tele- 
scopic tubular duralumin case, the pump being mounted on the induction 
elbow in a conveniently low position. All hearing surfaces are automati- 
cally lubricated by the fuel circulating through the pump, and leakage along 
the driving shaft is prevented by a spring loaded cork-packed gland. A 
relief valve, suitable for attachment in any convenient position, is also sup- 
plied, and is intended for use when the pump feeds the carburetors direct. 
It is of the spring loaded type set to a suitable pressure and bypassing 
all fuel .in excess of the engine requirements, thus preventing Hooding ot 
the carburetor due to abnormal feed pressures. 

For the benefit of aircraft constructors, it is the policy of the Bristol 
Company to develop, test and standardize for each type of engine a suitable 
exhaust system, which will act as an exhaust collector, flame damper and 
silencer. To simplify the installation the rings are entirely supported from 
the engine, and, in addition, provision is made for utilizing the exhaust ring 
as the front support for the engine cowling. The latest types evolved, as 
the result of extensive bench and flight tests, supersede all earlier type*** 
The down pipes are kept within the cylinder outlines, in order to cut down 
head resistance, and aflord the maximum possible fairway for gun fire, etc 
Deflector rings are provided to ensure a steady flow of air around the rear of tb»‘ 
ring, preventing hot spots and stagnant areas, and, in conjunction wdth tlic 
special expansion joints, eliminate all fire risk. Special screwed spherical 
joints are provided to ensure a flame tight joint, combined with reasonable 
freedom for assembly purposes to ensure interchangeability of rings. 

These rings have been type tested, and the detail design and dimensions 
are such that back pressure and consequent loss in brake-horsepower » 
negligible. The Eescolizing treatment given the exterior makes them pro 1 
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, i gainst corrosion, from heat and atmospheric effects, with the result that 
die life of the rings is indefinite. At the present time these exhaust sys- 
tems are available in two types, one suitable for all types of Jupiter VI 
engine installations, and one for all types of Jupiter V J 11, IX and XI instal- 
lations. For the supercharged Jupiter YII an exhaust system is not yet 
.nailable, the engine operating with short exhaust snouts. 

Bristol Reduction Gear. — The reduction gear incorporated in the Series 
\ 111, IX and XI engines is the well-known barman patented self-centralizing 



1 8. 658. — Rear View of the Bristol Jupiter Series VIII, IX and XI Reduction Gear 

Engine. 
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bevel epicyclic reduction gear, as developed by the “Bristol” Company fm 
the Jupiter engine and shown at Fig. 660. This gear does not suffer from 
the drawbacks of abnormally high tooth and bearing loads, or an offsc 
propeller shaft, customary with the conventional types of epicyclic or coun- 
tershaft reduction gears. The special floating mounting ensures that unde: 
all conditions the driving gear adjusts itself to mesh with the three pinions 
and is centered solely by its engagement with them, w ith the result that tin- 
drive is equally distributed. All bearings are force lubricated from the en- 
gine lubrication system, while the thrust in the gear unit is entirely self 
contained, and no axial load is put on the crankshaft bearings. The wh<>1« 
gear is extremely compact and can be assembled as a complete unit remote 
from the engine; its efficiency is very high, and it is particularly quiet m 
operation. 

A hand-operated engine turning gear has been included in the equip- 
ment of the geared Jupiters, as these engines are primarily intended fm 
large single- and multi-engined machines where propeller swinging is im- 
practicable. and w here a reliable alternatixe method of engine starting muM 
be available in case of the failure or absence of the auxiliary starter units 
usually employed. ITo\ ision on both port and starboard sides is made for 
operating handles, and -with the reduction ratio employed of 30 to 1, even 
the stickiest engine can be comfortably turned at a suitable speed for start- 
ing purposes. The operating gear is engaged through a spring-loaded tog- 
gle movement, and is automatically thrown out of engagement, either when 
the engine fires normally or back fires, thus ensuring absolute safety for 
the operator. This movement has been subjected to a prolonged series of 
tests, w ith artificially produced back fires, and its efficiency demonstrated 
w'ith complete success. The unit is connected with the engine lubrication 
system, generous-sized ball, journal and thrust bearings are used, and as 
the gear is out of engagement w hen the engine is running, w ear is reduced 
to a minimum. 

Jupiter Crankcase Construction. — The two halves of the crankcase are 
secured by nine holts wdiich serve both to register and secure the joint and 
also to support the engine on its plate. Near their rear ends these bolts have 
collars formed on them, sunk into recesses in the crankcase, behind the face of 
which the ends of the bolts project sufficiently to pass through the correspond 
ing holes in the engine plate. The front half of the crankcase has two huge 
concentric cylindrical projections going forward from the front wall, and 
providing accommodation for the eighteen tappet guides. The outer cylindrical 
casing is formed integral with the front half of the crankcase, while the inner 
is bolted to the wall and forms a housing for the cam gear. The rear half <>t 
the crankcase has formed in it an oval-section annular induction chamber, or 
rather part of such a chamber, the oval section being completed by a detach- 
able cover. This chamber receives the three-start spiral which distributes the 
mixture to the nine cylinders, and which forms such a conspicuous feature mi 
the design of the Bristol “Jupiters.” Evenly spaced around the circumfcren • 
of this annular induction chamber are nine circular apertures faced at th* 1 
outer ends to receive the flanges of the nine induction pipes. In the lower sec- 
tor of the rear cover for the spiral are three ports, also faced at their outer eii '"- 
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to receive the Bristol “Triplex” carburetor, which has been described in the 
chapter on Carburetors in Volume One. 

The evenly spaced apertures for the nine cylinders are faced at their outer 
'‘lids to receive the cylinder base flanges, which are secured to the crankcase 
l>v eight bolts each, four in each half of the crankcase. The location of these 
bolts will be seen in some of the illustrations. Tn the lowest part of the crank- 
case provision is made for the attachment of the oil sump, which is formed 
as a special unit. The construction of the important parts of the Jupiter en- 
gine may be understood by referring to Fig. 658 A. 
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Jupiter Cylinder Construction. — The cylinders of the Bristol “Jupiter 
have steel barrels and aluminum alloy heads, a face joint being formed between 
the two, which are secured by eleven studs and four set screws. The cylinder 
barrel is machined from a steel forging, and has its crown formed integral with, 
the cylinder, so that the valves seat direct in the crown, and there are no separate 
valve seats to work loose. Also, of course, the integral crown takes the ex- 
plosion pressures. 

The cooling fins, turned from the solid, arc carefully proportioned to give 
even cooling, and it is of interest to note that they arc formed eccentrically 
with reference to the cylinder barrel, being deeper at the back of the evlinder 
where the cooling is likely to be less effective. To give an idea of the can 
taken in the production of “Jupiter” cylinders it may be stated that the average- 
weight of the steel forging from which the cylinder barrel is turned is 88 pounds, 
of which approximately 70 pounds is machined off, leaving the finished weight 
about eighteen pounds. 

A short distance below the bottom fm the cylinder barrel has formed on 
it the base flange by which the cylinder is attached to the crankcase, 'flu- 
flange has two bolt holes at each of its four corners for the reception of the 
holding-down studs, of which, as previously mentioned, four are situated in 
the front half of the crankcase and four in the rear half. This construction 
is clearly shown in sectional view of the cylinder at lug. 658 A. 

The cylinder head, of aluminum alloy, contains the valve ports, and carries 
the valve mechanism, the topmost fm forming a bridge or platform which not 
only stiffens the casting, but also supports the valve guides and valve springs 
Around the exhaust ports the cylinder head casting is generously finned to 
assist in dissipating the greater heat attained in this locality, and distance pieces 
of “Invar,” a material the coefficient of expansion of which is negligible, are 
interposed between the nuts of the securing studs around the exhaust ports and 
the metal of the casting in order to maintain ail even pressure by compeii 
sating for the difference in expansion of the aluminum head and the steel 
studs. The features of the valve action have been fully described in a 
preceding chapter. 

In the case of the inlet valve ports, shallow recesses are cut in the steel 
crown and the head casting, to receive phosphor-bronze spigot rings, which 
serve to locate the head, and also to seal the inlet port joint. On each side 
of the cylinder head is formed a tapped boss for the reception of the sparking 
plugs, while a similar but smaller boss on the front of the cylinder bead ac- 
commodates the 11011 -return valve of the gas starter system. The gas pas- 
sages for the four valves are so arranged that those for the inlet valves (at 
the back) face aft, with their axes parallel with the lint* of flight, while the 
exhaust valve passages are at right angles with each other, i.e., at an angle of 
45 degrees to the center-line of the crankshaft. 

Bristol Jupiter Oiling System. — The general lubrication system of th'* 
“Jupiter” is of the “dry sum])” ty]>c, in which fresh oil is supplied under pres- 
sure from one pump, and, after passing through the engine is withdrawn b’ 
another known as the scavenger pump, and returned, via a cooler, to the tam* 
Certain parts are supplied with oil under direct pressure, while others are lubrt 
cated by splash. Oil is delivered under pressure to the cam gear, the big en 1 
of the master connecting rod, the magneto and oil pump drives, i.e. — gun ge* 1 ’ 



BIsTSTOL-J LETTER oiling system 


1363 


drive, and gas-starter distributor drive. Splash lubrication by the oil which 
lias drained from the parts mentioned above is supplied to the pistons, small ends 
(> f the connecting rods, wrist pins of articulated rods, main crankshaft roller 
bearings and spherical roller bearing, and tappets and cam faces. The valves 
probably receive a certain amount of lubrication from oil that has passed the 
pistons. 



The Bristol 
"Jupiter VI" 
Diagram of 
Lubrication System 



•The Bristol 
"Jupiter VI” 
Diagrams of 
Oil Pumps 


Section through 
scavenge pump 
at BB looking 
in direction of 
arrow Y. 



B A 


,To engine 


BA Rel,ef va,ve 



Surplus oil bye passed 
' back to suction side 
of feed pump 


To pressure gauge 


B A 


Fig. 658B. — Diagrams Showing Construction and Installation of Bristol Jupiter VI 
lubrication System. Upper Diagram Shows Circulation of Oil. Lower Diagrams 
Outline Construction of Oil Pressure and Scavenging Pumps. 


The scavenger pump (which has a capacity of approximately one-third 
u*atcr than that of the pressure pump) collects oil from the sum]) unit at the 
•ottoni of the crankcase, and returns it by way of an oil cooler, to the main- 
G1 tank. From the oil tank the oil runs to the pressure pump under the force 
! gravity as shown at top of Fig. 658 B. 

The oil delivered by the oil pressure pump into the hollow bore of the rear 
n d of the crankshaft passes through the shaft bore to a duct drilled in the 
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rear web of the crank throw, and thence into the hollow crankpin. Twc 
ducts are drilled radially through the crankpin wall, and their outer end 
emerge on a flat formed on the outer face of the pin, the oil thus being admitted 
to the inner surface of the floating bush, which is interposed between the crank 
pin and the master rod big end. A number of holes in the bush itself pass tin 
oil to the outer surface of the floating bush, and thus to the big end of the mastei 
rod. From the ends of the floating bush the oil emerges, and is splashed to the 
inner surface of the crankcase, cylinders, pistons and small ends, etc. 

The main pressure supply leaves the inside of the crankpin through a 
duct in the front web, and this communicates with a broad shallow oihvrtv 
formed on the front portion of the shaft. The components situated on the 
shaft (i.e., main bearing, crankshaft sleeve and eccentric of cam mechanism) 
form a cover over this oil way and form a reservoir from which the cam sleeve 
is lubricated via a groove and holes in crankshaft sleeve. From the recess be 
tween the two halves of the cam sleeve bushes the oil is distributed over the 



Fig. 659. — Chart Showing Comparative Power of Various Series Bristol Jupiter 

Engines at Altitudes. 

surface of the bushes by spiral grooves. The intermediate bearing, i.e., the 
roller bearing immediately in front of the front web, is splash lubricated bv 
oil thrown ofT from there. The eccentric of the cam gear has two recessc' 
formed on its bore, from which holes communicate with the compound pinion 
Oil from the pinion and from the cam sleeve lubricates the rest of the cam 
mechanism and the front main bearing. A spring-loaded brass ring on the 
crankshaft makes contact with the surface of the thrust bearing housing, am 1 
prevents the oil from leaking out through the front. 

Of the drives, etc., on the back of the engine, the white-metal bearing m 
the magneto drive sleeve is supplied with oil bypassed direct from the pumi 
chamber, and led by a duct drilled in each magneto drive spindle to its beai ■ 
ing. A duct in the rear cover leads to the plain bearing of the C.C. driv 
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spindle, and from there upwards to the spindle of the gas starter distributor. 
In the later types of “Jupiter” there is an external oil pipe which supplies the 
upper part of the gas starter distributor. 

As regards the scavenger system, surplus oil drains from the front main 
crankshaft bearing through holes in the fixed internal gear plate into the front 
cover, and from there through a passage communicating with the front “leg” 
of the external sump under the engine. The oil from the interior of the 
crankcase drains, through holes in the bottom, into the rear “leg” of the sump. 
At the lowest point of the rear wall of the crankcase there is a hole thiough 
which drains the oil from the various assemblies on the rear cover. 



ring * — 

Fig. 660 . — The Jupiter Reduction Gear Uses Bevel Pinions and Gears and is of the 
Farman Type. It is a Modification of the Differential Gearing of Automobiles. 

The two oil pumps, pressure and scavenger, are of the gear type, and form 
«>ne unit, housed in a chamber in the rear cover of the engine. This chamber 
communicates with the rear end of the hollow crankshaft. Formed integrally 
with the rear cover are two horizontal cylindrical filter chambers placed one 
on each side of the pump unit, that on the right housing the scavenger filter, 
and that on the left the pressure filter. The outer ends of the filter chambers 
ire closed by hollow screwed plugs, and to these are attached the filters them- 
selves. 

The pump unit is built up in sections clamped together between end plates 
1 »y four long bolts, and the rear end plate carries a pressure relief valve. The 
hnninuin gears which form the pumps comprise driving pinions and idler pin- 
•ns, and are mounted on hollow parallel spindles. The upper is the drive spindle, 
■uid has formed on it two grooves engaging with dogs formed in the driving 
gears of both pumps. The difference in capacity between pressure pump 
and scavenger pump is obtained by making the pinion of the latter longer 
than the former. The idler spindle (the lower) is of larger diameter than the 
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driver spindle, and serves to convey the oil from the pressure pump to tin 
crankshaft. The sectional views at Fig. 658 B should explain the arrangement. 

The Salmson AB9 Engine. — The air-cooled AB9 engine was registered 
on the fifth of August, 1924, at a nominal power of 230 horsepower for l,70(i 
r.p.m. It was fitted to the four engine Bleriot machine piloted by Bizot 



and Yillechanoux at the “Grand Prix des avions de Transport” 20th-24th 
August, 1924. Jn spite of unfavorable atmospheric conditions and thougl 
it was the first time this engine was fitted to a machine, it accomplished 
the three return flights between Paris and Bordeaux, i.e., 3,090 kilometers 
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in three consecutive clays without the occurrence of the slightest trouble. 
The average speed for the last Bordeaux- Paris flight was over 200 kilo- 
meters per hour. 

The AB9 — 230 horsepower engine, as shown at Pig. 061, is now actually 
fitted to the following machines: Latham hydroplane A\ith catapult start. 
Twin engine Farman machine, commercial type Goliath, Training Morane- 
Saulnier machine 120 ET 2 type. Training Caudron machine, C 59 type. 

Used on the Caudron machine the ABO engine of 230 horsepower put 
up the following performances hitherto unattained: 


Air -cooled S.dinsnn engine 
ABO type — 230 Hp' 

1.000 m in 2 min 20 sec. 

2.000 ni in 5 mm 17 sec. 

3.0(H) in in 0 min 02 sec. 

4.000 Til in 13 min 48 sec. 

5.000 m in 23 min. 11 sec, 

5,420 m. in 33 mm 08 sec. 


Other make water-cooled en^me 
of equal weight 

1.000 m in 4 min. 30 sec. 

2.000 m in 14 min 00 see. 

3.000 m m 17 min. 24 sec. 

4, (KM) m in 20 min. 03 sec. 

4.320 ni in 35 mm 20 sec. 


Tt will he seen that the ceiling for this machine which was limited to 
1,320 meters with an engine of another make, attained 5,420 meters with 
the Sal m son AR9 — 230 horsepower engine. 

Characteristics. — The A BO — 230 horsepower engine is of the stationary 
radial, air-cooled and four-stroke type, having nine cylinders. Bore: 125 
millimeters, stroke 170 millimeters, cubic capacity 18,765 cubic centimeters, 
compression ratio 5 to 5 4. The motor is suspended by the rear crankcase. 
Xonmial power at 1.700 r.p.m , 230 horsepower, cylinders in the wind. Fuel 
and oil consumption at 1,700 r.p.m. developing 230 horsepower: 

Aviation Petrol Castor Oil 

Per hour 56 kgs. 35 4 kgs. 6 

Per horsepower hour 245 gr. 20 gr. • 

The engine dimensions are: length one meter, diameter one meter 
eighteen millimeters. Engine in complete running order with propeller 
huh, carburetor and magnetos, without silencer, weighs 265 kilograms. The 
AB9 engine is adapted for use as a tractor or pusher, the propeller being 
mounted direct on the crankshaft which is fitted with double thrust bear- 
ings for this purpose. The engine revolves in a clockwise direction for 
an observer standing in front of the engine and looking at the propeller. 
Although easily started with the propeller by means of a starter magneto, 
t lie engine is provided with a distributor fitted at the front allowing a start 
Bom compression. 

The nine steel cylinders are fitted with aluminum-finned jackets and are 
fixed separately on the crankcase by studs and therefore can be removed 
independently of each other. The master connecting rod, which is balanced 
ind made of special steel, revolves on a white metal lined central bearing 
of large dimensions. The crankshaft of nickel-chrome steel carries two 
Counterweights so arranged as to balance the whole group of connecting 
rods in all their positions and at all speeds. The distribution operated by 
a circular cam acts on the valves through roller tappets, rockers and ad- 
justable rods. A single inlet pipe located in rear crankcase feeds each cyl- 
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inder and receives the gases from a manifold connected to the carburetoi 
which is fitted with an automatic altimetric correcter. Ignition is by two 
Salmson magnetos GG 9, t\ pe 2^, and two plugs per cylinder. Lubrication 
is effected by pump returning to tank the oil collected from crankcase. A 
circular manifold forming an exhaust silencer and fitted with clearing pipes 
is supplied on special order. The arrangement of this silencer and mani- 
fold is clearly shown in the propeller end view of the engine. 



Fig. 662 . — Three-Quarter View of Menasco-Salmson Nine-Cylinder Air-Cooled Radial 

Engine. 

Menasco-Salmson Engine Model B2. — The Menasco Motors Company, 
Los Angeles, California, are converting original French Z9 water-cooled 
Salmson engines to what they term the model 1S2 Menasco-Salmson nine- 
cylinder radial air-cooled engine developing 260 horsepower. The con- 
verted engine is shown at Fig. 662 and the sectional view at Fig. 663 clearly 
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lug. 663. — Sectional View of Menasco-Salmson Aircraft Engine, Model B2, Showing 

Construction of Parts. 

’-hows the internal construction. A group of the important parts are 
'hown at Fig. 664. The principal changes from the original French engine 
nclude cylinders, pistons, all hearings, valves, magneto mounting, intake 
uanifold, oil pump and oil circulating system. In fact, about 66 per cent 
'»f the converted engine is of domestic manufacture. 

The cylinder construction used is that in which a cast alloy head with 
mtegrally flanged jacket member is assembled on a steel sleeve or barrel 
which does not have any flanges machined thereon. The crankcase is 
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divided on the engine center line which makes it possible to hold the cyl- 
inders in place by damping them in suitable bosses on the housing, the lower 
end of the cylinder barrel being provided with flanges machined thereon to 
locate the cylinder. The big end bearings of the master connecting rod art 
of the ball bearing type as used on the Gnome engine and also found on 
recent models of the Kyan-Siemens and other motors. The crankcase half 



Fig. 664. — Group of Important Parts of Menasco-Salmson Aircraft Engine. A- 
Cylinder, Showing Valve Mechanism Enclosure. B — Divided Alloy Crankcase. C- 
Master Rod and One of the Link Rods. D— Crankshaft and Propeller Hub. 


or section at the front carries a nose piece and a c\ hndrical member housing 
in the vahe lifting cams and carrying the cam followers. The crankshaft 
is •made in two pieces, the tapered end of the crankpm being tightly forced 
into a female taper machined in the anti-pi opeller end crank web by a 
clamping member that screws into the crankpin. 1 his construction makes 
it possible to install the big end ball bearings without difiicully. I he crank- 
shaft assembly revolves on two large ball bearings and one rollci beai mg 
The front part or propeller end of the crankshaft carries counterweight 
members that are bolted on but the rear counterweight is forged integrally. 
The valve gear is all enclosed and the engine is remarkably clean in exterior 
arrangement. The main dimensions are gi\en in the assembly drawing at 

Fig. 665. 

SPECIFICATIONS 


Nine cylinder fixed radial 1\pe. 

Power range, 230-290 Hp. at 1150 t 1750 
R.PM. 

Cruising speed approximately 1350-1400 R. 
P.M. at which speed the power output i 
is 250 Hp. and the fuel consumption is 
12 gallons of gasoline and one quart of 
oil per hour. 

Weight, 540 Ihs. dry, including propeller 
huh. 

Overall diameter 49ps inches. 


All working parts enclosed. 

One piece master connecting rod and binl* 
up crankshaft 

Grouping of all accessories at rear of engm<' 

Dual magneto ignition supplied by two may 
nctos from rear of engine. 

Dual Zenith carburetor. 

Scavenger pump incorporated, insuring 
dry crankcase and freedom from fouln 
troubles, even at the slowest idling spec-i 
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line Drawing Showing Installation Dimensions of 260 Horsepower Menasco-Salmson Aviation Engine. 
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Curtiss Chieftain Engine. — Flight tests were recently completed at Mit 
chel Field, N. Y., on the new 600 horsepower Curtiss “Chieftain” one 01 
the largest air-cooled aircraft engines in this country. The tests were con- 
ducted with the engine installed in a two-seater Curtiss Falcon, standard 
observation and attack plane of the Army Air Corps. The plane was flown 
by Lieut. E. P. Gaines, Army Pilot stationed at the Curtiss factory, and by 
“Casey” Jones, veteran Curtiss pilot. Equipped with the “Chieftain” en 
gine, the “Falcon” showed a performance that was superior to that of am 
other two-seater in the service, its top speed was 158 miles per hour, and 
the service ceiling 22,350 feet, while the initial rate of climb was 1,870 feet 



Fig. 666 A. — View of the Curtiss “Chieftain,” a Twelve-Cylinder Aviation Engine 
of the Hexagon Type. A Shows Propeller Drive End Viewed at an Angle. 

per minute. The most remarkable feature of tin's performance is the speed 
of 158 miles per hour, which is exactly the same as could be obtained from 
a water-cooled engine of the same power in the same plane. Curtiss engi- 
neers point out that this is the first time in history that air-cooled engines 
have been able to compete directly with water-cooled types in pure speed 
Usually, the substitution of an air-cooled engine for a water-cooled engine 
of the same power, while producing improved climb and ceiling, has re- 
sulted in a sacrifice of several miles per hour in top speed. The excellent 
speed characteristics of the Chieftain engine is due to its unusual design, 
which is different from that of any other air-cooled engine. Instead ul 
having one row of cylinders arranged radially, as is the common practice 
the Chieftain has two rows one behind the other, with six cylinders, ar 
ranged hexagonally, in each radial group. This arrangement material!) 
reduces the overall diameter of the engine, thus reducing the head resist- 
ance and increasing the high speed and is shown at Fig. 666 C which 


V 



CURTISS CHIEFTAIN ENGINE 


1373 


a direct side view. The frontal area per horsepower of the Chieftain engine 
is approximately one half of the conventional nine-cylinder air-cooled en- 
gine. The Chieftain engine has been under development by the Curtiss 
company for over two years, with the assistance and guidance of the Air 
Services. It performed excellently throughout the trials. 

According to Arthur Nutt, Chief Engineer of the Curtiss Aeroplane 
and Motor Co., Inc., it was in April, 1926, that a systematic study was first 
started on the design of a 600 horsepower air-cooled aircraft engine. The 
first steps in this study were to analyze the types of engines in use at that 
lime and then to study the possibilities of the different forms of engines 
which would be suitable in the large size contemplated. The types that 



Cooling 
air haffl e 


Fig. 666B. — Direct Front View of Curtiss “Chieftain” Twelve Cylinder Aviation Engine. 

"ere finally selected for study were as follows: Nine Cylinder Single Row 
Radial, Fourteen Cylinder Two Row Radial, Sixteen Cylinder X, Twelve 
' ylinder Vee, Twelve Cylinder Hexagon. In making this study ten im- 
portant characteristics were borne in mind. 1. bow weight per horsepower. 
2 Head resistance and propeller efficiency. 3. Visibility from the pilot’s 
cockpit. 4. High crankshaft speed. 5. Overhead valve gear for high speed. 

Exhaust arrangement. 7. Control of cooling air. 8. Application of re- 
duction gears. 9. Overall dimensions particularly diameter and length. 
JO. Smoothness of operation. 

Nine Cylinder Single Row Radial. — This type would require an engine 
>f from 1 ,800 to 1,900 cubic inches to develop about 600 brake-horsepower 
^t a speed in the neighborhood of 1,900 r.p.m., which is probably a rather 
'ptimistic speed at which to expect to run an engine of this power and displace- 
ment, owing to the fact that the size of the cylinder bore is reaching a point where 
cooling is difficult, and the reciprocating weights on one crankpin (even 
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though it may be of the split crankshaft and solid big end type) would be 
a difficult problem. The outside diameter of a nine cylinder radial engine 
of this power would be 56 inches to 60 inches in diameter which presents n 
very large frontal area with severe blanketing of the propeller, resulting in 
poor propeller efficiency. The added diameter increases the resistance so 
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Fig. 666C. — Direct Side View of the Curtiss R-1600 “Chieftain” Engine, a 600 Horse- 
power Twelve-Cylinder Air-Cooled Hexagon Type. 

much that it has been found by experience that the larger radial engines 
in pursuit planes make practically no more speed than the lower horsepower 
radial engines with the smaller diameters. Of course, the rate of climb is 
increased hut this does not offset the disadvantage of carrying high powered 
engines using more fuel without gaining more top speed. 

The exhaust problem on a nine cylinder radial becomes more difficult 
as the size of the engine increases. The manifold must be made very large 
in order to decrease the back pressure. The manifolding assembly then 
becomes very heavy, unreliable and cumbersome, resulting in the necessity 
of locating it between the propeller and cylinders w here it undoubtedly ha c > 
a detrimental effect on the cylinder cooling as well as making the cylinder^ 
very inaccessible. A large diameter radial engine does not lend itself to 
good cowling and the adaptation of shutters for control of cylinder tern- 
peratures and oil temperatures under various weather conditions. It b 
necessary to use push rod valve mechanism with the attendant difficulty oi 
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lubrication of the rocker arms, and the ball and socket joints. The lubrica- 
tion cannot be fully automatic without adding a great many pipe fittings 
and tubing which would not be reliable, would increase the expense and 
would be very unsatisfactory. 

Fourteen-Cylinder Two Row Radial. — -This type of engine has been used 
by several manufacturers in powers up to 450 horsepower, and is objection* 
able oil account of the lack of satisfactory cooling of the rear row of cylin- 
ders, since the cylinder spacing is so close when the outside diameter of 
the engine is held to a minimum that the rear cylinders get hot air from 
the front cylinders. The push rod valve mechanism is also unsatisfactory 
on account of the necessity of staggering the cylinders to a great degree in 
order to keep the engine diameter down, resulting in high angularity on the 
push rods and possibilities of increased wear on these parts. The weight 
per horsepower on the double row radial is slightly higher than the single 
row radial but it has the advantage of a small diameter which was the 
reason for investigating this type of engine. The displacement would have 
to he approximately 1,800 cubic inches, which would allow smaller cylin- 
ders than could he obtained in a nine cylinder type. Toth these engines, 
the nine cylinder radial and fourteen cylinder using push rod valve gears, 
are probably limited in engine speed, although this engine speed has in the 
past few years been increased slightly over what was originally thought 
could be used with this type of valve gear. There is no question, however, 
that the push rod valve gear is inferior to the overhead type when high 
engine speeds are used. 

Sixteen-Cylinder X. — The X sixteen-cylinder engine has not been given 
a great deal of consideration on account of the large number of cylinders 
making the engine more expensive and the necessity of using very heavy 
counterbalances on the crankshaft to make the engine run smooth. The 
engine would also be hea\ ler than the radial types on account of the longer 
ciankshaft, although the diameter would he very satisfactory. 

Twelve-Cylinder Vee. — This type of engine has been built successfully 
with air cooling, it has one very great objection, namely, its overall length 
which automatically gives a high weight per horsepower as compared with 
the other types of air-cooled engines. This overall length is necessary on 
account of the large cylinder centers necessary to get cooling on each cyl- 
inder barrel and on the cylinder head. The air-cooled Yee engine is eight 
' »r ten inches longer than a water-cooled engine of the same bore, however, 
the engine has a very great advantage of being able to run at high engine 
peeds on account of the overhead valve gear and the light reciprocating 
parts on the crankshaft. The exhaust arrangement is very satisfactory, 
particularly when the engine is built in the inverted form. The cooling 
dr to the cylinders can he controlled by means of shutters, if necessary, 
md the air to the crankcase can also he controlled by shutters. One of the 
' iggest problems with this engine, however, is proper intake manifolding. 

Considering all of these types of engines the rotary inductor and super- 
r harger have been included in the study of the design, therefore, when con- 
necting the supercharger in the Vee engine to the cylinders, the straight 
,r gallery type manifolds have usually been employed which are extremely 
unsatisfactory at high altitude, owing to the fact that the gas distribution 
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with this type of manifold is very poor. The engine runs very well at sea 
level where the manifolds are not subjected to the cold air blast and where 
the heat of the mixture is higher owing to the higher initial temperature 
of the charge. In order to apply a satisfactory manifold to this engine 
weight and frontal area are increased, inasmuch as the manifold arrange- 
ment must be on the outside of the cylinder banks. 

Twelve-Cylinder Hexagon Type. — After making the above study it was 
decided to attempt a combination of the radial and Vee engine which would 
satisfactorily combine the good features and do away with the objectionable 
features of both. The type of engine selected is that for which the Curtis-, 
company has coined the name “Hexagon.” In other words, the Vee engine 
was cut into three sections, these sections of four cylinder Vee engines 
being placed in radial form 120 degrees apart, resulting in a two row radial 
twel\ c-cy hnder engine, one nrw directly behind the other. P»v blanking 
off the rear end of the exhaust Vee in each of the three Vees, Vee engine 
cooling was obtained. 

The feature of the low weight per horsepower of the radial was partially 
maintained, as there is no question that the single row radial is the lightest 
form of engine at a given r.p.m. and displacement that is known today. 
However, by increasing the engine crankshaft speed this difference was 
offset. Second, the head resistance was kept very low, the engine outside 
diameter being 45 inches, and the cowling diameter 39 inches, which results 
in high propeller efficiency as the ratio of the diameter of the propeller to 
the diameter of the engine becomes larger than on the big radial engines, 
leaving the propeller tips in clear unobstructed air in a symmetrical form 
around the engine. In fact, the propeller has less flutter when operating in 
front of a symmetrical body than it would behind a form of engine such as 
the inverted Vee, particularly if the propeller runs very close to the engine. 
On account of the small diameter and a short engine very high visibility 
was obtained. With six cylinders in a radial row there arc large spaces, 
60 degrees between each cylinder bank, which permits visibility as obtained 
on a 39-inch diameter since the 45-inch diameter prevails only at the over- 
head valve gear covers which extend for only a very short part of the cir- 
cumference and are streamlined easily. 

With only six cylinders on a crankpin the weight of reciprocating parts 
was greatly reduced permitting higher crankshaft speeds. Overhead valve 
gear similar in design to the D12 valve gear was used which again per- 
mitted the higher crankshaft speeds. The exhaust arrangement is exactly 
the same as on any Vee engine with the addition of an extra row of exhaust 
ports at the bottom of the engine which can be manifolded with a muffler 
in a single row at the two sides and bottom adding practically no head 
resistance and not interfering with visibility. The cooling air to the cylim 
ders can be controlled as on the Vee engine. Reduction gears of either the 
concentric type or the spur type can be used, the latter possibility being a 
very great advantage on the engine and one which cannot be used on an) 
other form of engine without interfering with cylinder cooling or increasing 
the frontal area of the engine, as would be the case on the inverted Vee 
engine should the reduction gear or the spur type be raised above the crank- 
shaft center line. The application of the spur gears in this way on the in- 
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verted Vee engine would also entirely ruin the visibility from the pilot’s 
cockpit. The spur reduction gears would not interfere with cowling or visi- 
bility on the Hexagon engine and they would raise the center of the propel- 
ler shaft, giving more clearance for the propeller which naturally would be 
larger in diameter if run at a slower speed. The overall length of the Hexa- 
gon type of engine is only about eight inches more than the single row 
type which is a negligible figure when the installation in an airplane is 
considered. There is also no question that the larger the number of cylin- 
ders on an engine of this power the smoother the operation of the engine 
will be. Twelve cylinder torque has been demonstrated repeatedly to be 
\ery much more satisfactory than the torque from a smaller number of 
cylinders of the same size when the engine is run at the same crankshaft 
sliced. 



Fig. 666D. — An Interesting Contrast in Design. The First Air-Cooled Curtiss Vee 
Aviation Engine was Tested on a Motorcycle. Compare This with the “Chieftain” En- 
gine Shown Above It. 


It is not possible to completely balance the nine-c\ linder radial engine 
*r any other single row engine using the articulated type of rods. These 
engines do not run as smooth as the twelve cylinder, but they have been 
l ound to be satisfactory in service. The balance of the articulated rods on 
he Hexagon type is perfect, inasmuch as one row of the cylinders com- 
idetely balances out the other row of cylinders on the opposite crank throw 
it was only necessary to put enough balance weights on the crankshaft 
° take care of the imbalanced couple existing. 
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The above outline describes roughly the arrangement of the engine, 
however, a few details making this combination possible are given below 
The cylinder construction is of the conventional type with the exception 
that a four valve flat head cylinder is used similar to the water-cooled Con 
queror engine. Bronze seats are inserted in the aluminum cylinder head 
and the steel cylinder is screwed in the aluminum head in the usual mannei 
Each cylinder in a bank has a large pilot on the top end which fits into 
casting bridging the two cylinders. This casting is held in place with st inl- 
and nuts and carries the double camshaft bearings. The two camshaft^ 
on each bank of two cylinders are driven by spur gears at the propeller end, 
one of these spur gears being mounted on an idler shaft below the two 
camshafts. The idler shaft is driven through bevels and a master gear on 
the front end of the crankshaft, all of the vertical shafts being driven from 
this master gear. Each pair of camshafts has a serrated face coupling fin- 
timing adjustment. 

The crankshaft, which is a two throw, 180 degree crank, is mounted on 
two Norma-Hoffman roller bearings one at each end. The center mam 
steel backed babbitt lined bearing is mounted on a large split circular heal- 
ing support W’hich is large enough to clear both crankpins enabling the 
shaft to be dropped into the crankcase which is of the barrel type. The 
crankcase is split at right angles to the crankshaft betw een the two row - 
of six cylinders being bolted together on inverted flanges on the inside of 
the crankcase before the cylinders are put in place. This gives a very clean 
exterior on the crankcase and the internal flange forms a support for the 
center main bearings. The nose piece on this engine which is clearly shown 
at Figs. 665 and 666 contains only the cluster of bevel gears for dn\ ing the 
camshaft, and the oil pressure strainer. The strainer is located at this end 
of the engine for the purpose of accessibility and permits the use of an oil 
seal for forcing oil into the crankshaft for lubrication purposes. A large 
deep groove ball bearing for both radial and thrust purposes is used at tin* 
forward end of the nose of the engine on the crankshaft. 

The connecting rods are of the split type, very carefully keyed together 
with integral keys. Owing to the fact that the number of cylinders are 
even, the rods are perfectly symmetrical permitting the bolts to be placed 
very close to the babbitt lined bearing shells, thus eliminating the big objec- 
tion which is ahvays present in a radial engine with an odd number of 
cylinders in a row. The connecting rod in the single row radial engine must 
be unsymmetrical making it very hard to get a satisfactory bolting arrange 
ment on the split connecting rod. Pistons are of the hollow head type and 
are of the conventional ribbed design which have been used by Curtiss for 
many years. 

The engine is fitted with a rotary inductor or supercharger which will 
give sea level powder at 12, OCX) feet. It is of the General Electric Company w 
centrifugal type and is mounted in the rear of the engine as show r n at Fig 
666 C\ being driven by four spur gears, two being on a jackshaft. One mam 
shaft is carried through the diffuser of the supercharger to drive all acces 
sories w r hich are mounted on the back of the engine. A very unusual ami 
novel method of mounting accessories has been employed on this engine 
All accessories are mounted in such a position that they are accessible when 
an engine is installed in an airplane. 
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The starter and magneto are mounted on opposite ends of a horizontal 
cross shaft driven from very large bevel gears from the shaft which was 
< arried through the diffuser. This same shaft through the diffuser carries 
a larger helical gear which drives two vertical shafts in the rear gearcase. 
Two distributors arc driven from helical gears from each of these two 
shafts, the oil pump being driven off the lower end of one of these shafts 
and the gasoline pump off the low er end of the other shaft. The generator 
is mounted in a vertical position, on the top of the gearcase driving through 
bevel gears. In other words, there are only three bevel gears on the rear 
end of the engine, driving accessories. In addition the oil pump is driven 




Fig. 667 A and B. — Views Showing Installation of Curtiss “Chief tain” Engine in U. S. 
Army Airplane. Note Effective Cowling Possible and Smooth Entry of Nose of 
Plane Fitted with Hexagon Type Engine. 

' r om the lower end of one of these shafts and the fuel pump from the lower 
‘•nd of the other. The generator is mounted in a vertical position on top 
►i the gearcase, and is driven through bevel gears. There are thus three 
'^vel gears at the rear end of the engine for driving accessories. The two gun 
ontrol drives are taken from the top ends of the vertical shafts, while the 
ichometer drives are taken from the rear ends of the camshafts, as desired. 

A carburetor intake elbow is cast integral with the rear gearcase and a 
'tigle Stromberg carburetor with economizer is fitted. lAibrication is by 
fie regular Curtiss system, to which have been added a number of special 
matures that will be described. Oil from the pressure pump is led through 
’ steel tube to the pressure oil strainer on the nose of the engine; it passes 
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through this strainer into the crankshaft and thence to the two connecting 
rod bearings and the center main bearing, which is a plain bearing. To the 
bearings of all the articulated rods the oil is index-fed, and the spray from 
these bearings lubricates the cylinder walls and the piston pin bearings 
Oil under pressure is index-fed to all of the plain bearings in the gearcasc 
of the engine and also to the ball and roller bearings wherever this was 
found necessary Oil is conducted to the camshaft bearings through the 
vertical drive shafts and is returned to the mam crankcase by geartype oil 
pumps formed bv casings built around the spur gears which drive the cam- 
shafts. Making these gears do the additional duty of oil pumps called for 
very little weight increase. Two mam scavenging oil pumps are provided, 
one taking oil from the front and the other from the rear end of the engine, 
both returning the oil to an outside tank. 

One of the most interesting features of the engine is the manner 111 
which the cooling problem has been solved. In the past it has been con- 
sidered a very difficult task to assure equal cooling of air-cooled cylinders 
where one or more of a bank are masked by the forward cylinder thereof 
In the Chieftain e\ery other space between cylinder banks is baffled at the 
rear by a plate to which the cowl is fitted snugly. The air current induced 
by the motion of the plane, upon striking this baffle, is deflected sideways 
against the rear cylinders and compelled to pass through the space between 
the two cylinders of a bank and around the back side of the rear cylinder, 
from the exhaust compartment to the inlet compartment. From the inlet 
compartment it passes into a space m the fuselage back of the engine, 
whence it escapes through louvres m the cowling at the forward part of 
the Curtiss Falcon plane. 

Another interesting problem connected with the design of this engine 
w r as that of the firing order. A single row radial engine requires an mi 
equal number of cylinders if explosions are to be equally spaced. In analyz- 
ing the problem as relating to the hexagon 1 \ pe, it was found possible to 
jump from the front to the back row and to the front again. Explosions 
evidently must be spaced 00 degrees of crank motion, which is the angular 
distance between cylinder banks. Thus, after one forward cylinder has 
been fired, the cylinder next forward m the direction of rotation (clockwdsc) 
may be fired, or. alternately, the rear cylinder of the bank directly opposite 
this one. Thus there are at least three possible firing orders. Of these 
the one in 'which front and rear cylinders ahvays succeed one another was 
chosen. 

The tests conducted on this engine during the past eight months have 
indicated that the engine is a very satisfactory type. It develops 615 brake- 
horsepower at 2,200 r.p.m. The weight, including exhaust flanges, exhaust 
heater, including the heater on the induction passage elbow and the throttle 
barrels of the carburetor (this weight is not usually included in the weight 
of air-cooled engines as built today) is 900 pounds, which gives a specific 
weight of 1.46 pounds per horsepower which compares very favorably with 
any air-cooled engine built today. The frontal area per horsepower of thi- 
type of engine is approximately one-half of the nine-cylinder engine of tin 
same horsepower. This engine has the same frontal area with less hea< 
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resistance on account of its better aspect ratio than the conventional 200 
horsepower radial engine and with this decreased head resistance it has 
the advantage of over three times the horsepower. The engine has been 
developed primarily for pursuit and observation types of airplanes but with 
future development and the adaptation of reduction gears it promises to 
be a satisfactory engine for slower types of planes. 


CHARACTERISTICS— CURTISS CHIEFTAIN R1600 ENGINE 


Hp. (rated) at 2200 r p in 
Model .. . . 

Type of engine 

No of cylinders 
Artangenirnt ot cylmdeis 


Dia of engine 

Dia of cowling 

Bore 

Stroke 

Displacement . .... 

B Hp 

Ignition system ... .... 

Carburetor 

Fuel consumption cruising at 2000 rpm 

Oil consumption . . 

Speed of propeller 

Rotation of propeller 

Weight ot engine 


.000 

H-1O40 

. . Static Air Cooled Hexagon 
. 12 

. 2 radial rows of 0, front 
cylinders directly in 
line with rear cylinders 
. . -45 in 
. . 39 in 
. . 5% in. 

.5 y 2 in. 

. . 1040 cu. in. 

..015 

. . Splitdorf Magneto 
..Strombcrg NA-U8J 
. . 53 lb. per b hp per hr. 

. . 020 lb per b hp hr. 

. . Crankshaft 
. . Clockwise 
..900 11). 


Armstrong Siddeley “Leopard” Engine. — Armstrong Siddeley Motors, 
Ltd, Coventry , England, whose airplane engines ha\e been widely used 
and whose Jaguar model, fourteen-cylinder air-cooled radial has been stand- 
atdt/ed for many \ ears paM has produced a larger and modified design 
of that type which has been described in a recent issue of Automotive In- 
dustries. Known as the Leopard, it has the same number and arrangement 
of cylinders as the Jaguar and ft >1 low’s the same general lines throughout, 
consisting of two “banks” of seven cylinders each mounted radially on the 
crankcase. The new model, rated at 700-750 horsepow er has been designed 
•or use in torpedo, heavy bombing and load-carrying aircraft, and is be- 
lieved to be the most powerful air-cooled radial engine now in production. 
With a bore and stroke of 6 by 7 )/> inches and a compression ratio of five to 
one, it develops 700 brake-horsepower at 1,500 r.p.m. and 777 brake- 
horsepower at 1,650 r.p m. Its weight complete for installation w ith bearer 
•late, propeller boss, dual ignition, carburetor, air intake and short exhaust 
’mpes is 1,415 pounds. 

The principal departure from the Jaguar design is that the induction 
an, which distributes the mixture to the various cylinders, is geared to run 
d a higher speed than the crankshaft in order to obtain a better volumetric 
‘fticiency, and that four valves are fitted to each cylinder instead of two, 
bis being rendered necessary by the increased cylinder capacity. The 
rankcase is a one-picce aluminum casting, the front portion carrying the 
: appet guides, a spigot supporting the front cover and the front crankshaft 
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bearing. The central portion, or barrel, which carries the cylinders, E 
heavily webbed inside and outside, while the rear portion has a spigot tn 
support the induction fan and casing, the fuel pump, carburetor and tin 
rear crankshaft bearing. 

The steel cylinder barrels, machined all over, are secured to the crank- 
case by clamping rings of wedge section. The cylinder head, an aluminum 
casting, finned to secure the maximum cooling effect, is screwed and shrunk 
on to the cylinder barrel, where it is secured permanently by a threaded 
locking ring, the joint being steel-to-aluminum, without gasket of any kind 



Fig. 668 A. — Propeller End of Armstrong-Siddeley Fourteen Cyclinder Radial Air- 

Cooled Engine. 

The two inlet and two exhaust valves per cylinder are operated by rockers, 
which pivot on two .spindles mounted on the cylinder head. The spindles 
at their rear ends arc anchored to the top of the head; their front ends are 
supported by a compensating bracket which is anchored to a point near the 
bottom of the cylinder head. This bracket is of special steel having a very 
low coefficient of expansion, veith the result that the longitudinal expansion 
of the cylinder has practically no effect on the tappet clearances. 

The valve rockers are operated by push rods and tappets from the cam 
drum, which is located inside the front portion of the crankcase, the tappet 
clearance adjustment being on the push rods. The valve seats and vahe 
guides are renewable, the former being screwed and shrunk into the heads, 
while the latter are a press fit. The sparkplugs are accommodated in 
adapters screwed and pegged into the heads. The cam drum has three inlet 
cams and three exhaust cams and rotates at one-sixth crankshaft speed 
Rollers and tappets transmit the cam motion to the push rods. The piston." 
are machined all over from “Y” alloy forgings. Each carries two conipre^ 
sion and one scraper ring, all three rings being above the piston pin. 
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air-hardening-steel piston pin floats in the piston and connecting- rod bush, 
and is located axially. 

Each bank of seven cylinders and pistons drives the crankshaft by means 
of one master and six auxiliary connecting rods. The large end of each 
master connecting rod carries six anchor pins, to which the inner ends 
of the auxiliary rods arc anchored. The master connecting rods are bushed 
to take the anchor pins, which float in the bushes and are spaced so as to 
gi\e an equal compression ratio in every cylinder. The master connecting 
rods bear on the crankpins by means of white-metalled bushes, which are 



Fig. 668B. — Armstrong-Siddeley Fourteen Cylinder Engine Viewed from Induction 

End. 

made in halves and prevented from turning in the master rods by dowels. 

The crankshaft is made in one piece and has two throws set 180 degrees 
apart, each crankpin carrying one master rod and six auxiliary connecting 
i f >ds. It is bored for weight reduction, and the holes serve the purpose of 
distributing the lubricating oil. It is carried bv two large roller bearings, 
■me located just behind the rear crank throw and the other just in front of 
die front crank throw. The crankshaft extends beyond its front roller bear- 
mg and this portion carries the timing gear and cam drum, a bevel gear 
i which drives the oil pumps, magnetos, gas distributor and C.C. gun gear), 
-md the propeller thrust bearing.' The rear cud carries the spur gear to 
drive the induction fan. The front and rear webs of the crankshaft carry 
he necessary balance weights. 

Mixture is supplied to the engine by a Claudel Hobson A.V.T. 100 car- 
buretor through the medium of the induction fan which delivers the mixture 
nto an annular induction casing. Thence the mixture passes to the cylin- 
ders by means of induction pipes. Experiments have proved that the use 
°f an induction fan of this kind very considerably increases the volumetric 
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efficiency of the engine and also gives a perfectly even distribution to ah' 
cylinders. 

The carburetor is supported on an induction elbow attached to the rem 
end of the engine, as shown at Fig. 668, the controls and air intake pipe- 
being integral with the carburetor and engine. Ignition is effected by tw<» 
magnetos, each with fourteen terminals; they are accessibly mounted on tht 
front of the engine as depicted in the front view of the engine at Fig. 668 
and are bevel-driven from the crankshaft. The oil pumps are mounted on 
the front of the engine and are also bevcl-dri\ cn from the crankshaft. Tin 
pressure pump, with relief valve, delivers oil through a filter to the center 
of the crankshaft and thence to the connecting rods and bearings. At the 
bottom of the crankcase is an oil sum]) to prevent flooding of the lower 
cylinders when the engine is stationary. Oil is drawn from this sum]) M 
a scavenging pump under the pressure pump, and is delivered to the oil 
tank on the aircraft. On its way to the tank, the oil passes through the 
jacketing of the carburetor and induction elbow, thereby positively heating 
the induction system A gear t\ pc fuel pump and relief valve are carried 
at the rear end of the engine, with a tachometer drive just above; this drive 
projects toward the rear of the engine to avoid unnecessary bends in the 
tachometer flexible shaft. Provision for priming is made by fitting a dis- 
tributing ring at the rear of the engine, the ring having small branch pipes 
leading to each induction pipe, each branch pipe terminating in a small 
atomizing jet. Attached to the rear end of the engine is a conical bearer 
plate, by means of which the engine is mounted in the aircraft. 

Service Given by Air-Cooled Engines. — Mr. Roy Fedden, the well known 
British engine designer of air-cooled engines read a paper on "Air-Cooled En- 
gines in Service” before the Royal Aeronautical Society which gives some very 
instructive data relative to the life of air-cooled engines in commercial service 
In a little more than four years, there has been a remarkable change over to 
air-cooled engines for aircraft. Mr Fedden stated that a large proportion 
of British Military aircraft employ air-cooled radial engines on various types 
of machines, and both in England and on the Continent the use of air-cooled 
radial engines for air transport aircraft of all types is almost universal. In 
America, the development of the air-cooled radial engine has been synonymous 
with the general rapid growth of aviation. Without exception, the American 
long-distance ocean flights of the past two years have all been made with au- 
coolecl radial engines. In attempting to give some information on air-cooled 
engines in service, there are a large number of motors to choose from, lnil 
only those engines which have been in extensive use over a reasonable period 
of time have been considered. 

The largest proportion of aircraft are at present engined with air-cooled 
motors, and the fact that this type of engine is used so extensively for military 
and commercial work, and will he used even to a larger extent during the iiexi 
few years, is sufficient justification for investigating what service these engine ' 
are giving at the present time, and what steps can be taken to increase their lib 
and efficiency. To illustrate the difficulty in compiling comparable data, it h 
interesting to note the difference in man hours shown in the different tables 
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m the same type of engine. A broad review of the charts would show about 
.( [iial results from British and American engines. The following figures have 
K*en obtained through the kindness of various firms : 


TABLE NO. 1 


Service Data on Bristol Jupiter YT Engines 
Data from Imperial Airways on Middle East Route 

Number of machines operated 5 

Type of machines operated 3 engined 

De TT Hercules 


Number of engines 

Period covered by data 

Total hours’ operation 

Average hours' operation per engine . . . 
Maximum recorded hours, one engine . . 

Average hours between overhaul 

Average man hours for overhaul — Whites 
Average man hours for overhaul — Natives 

Average operating, r.pm .... 

Average fuel consumption, gals /hour 
Average oil consumption, gals /hour 


20 

2 years 
0,280 
408 
960 
4(X) 

[ 1,356 

1,500 
19.7 
0 57 


T VBLK NO 2 

Service Data on Armstrong Siddelev Jaguar IV 
Data from Armstrong Siddelev, Ltd, lrom Impenal Airways Service 
Number of machines operated . . 

Type of machines operated .... 3 engined A S Argosy 

Number of engines 

Period covered by data . 

Total hours’ operation 

Average hours’ operation per engine 

Maximum recorded hours, one engine . . . 

Average hours between overhauls . . 400 

Average man-hours for overhaul . . 480 

Average cruising, rpm 1,025 

Average fuel consumption . . 

Average ml consumption .... ... 


TABLE NO 3 

Data oil Gnome et Rhone Jupitei Engines from KLM Royal Dutch Air Line 


Number of machines operated 15 

Number of engines operated .... 30 

Period covered I years 

Total hours’ operation 25,000 

Average hours’ operation per engine 830 

Maximum recorded hours on one engine 1,860 

Maximum running one engine in one year 735 hours 

Average hours between overhaul 250 

Overhaul staff, skilled 10 

Overhaul staff, unskilled 27 

Cost per running hour, including maintenance, over- 
haul and spares 17 5 shillings 

Average operating r.p.m 1,550 

Average fuel consumption, gallons, per hour 20 

Average oil consumption, gallons, per hour 0 8 

Man-hours for complete overhaul 332 




An Instructive and Valuable Graphical Comparison by Mr. Roy Fedden of the Char- 
acteristics of Various Types of Aviation Engines and How They Compare to Ea " 

Other. 
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TABLE NO. 3 A 


cr\ice Data on Gnome et Rhone Jupiter IV Engines Collected from K.LM. Royal Dutch 
Air Lines on Eleven Engines of 16,120 Total Running Hours 
Component Average life to date 

Hours 


Crankcase 

Crankshaft 

Valve — inlet 

Valve — exhaust 

Valve spring 

Valve guides— inlet 
Valve guides — exhaust ... 

Piston 

Piston ring 

.Scraper ring 

C\ limler . 

Main roller hearings . 

Master rod 

Articulated rods 

Gudgeon pins 


1,500 

1.000 

1,000 

650 

1.500 
615 
650 
200 
165 
270 

1.500 
800 
750 

1 .500 
360 


TABLE NO 4 


Service Data on Wright Whirlwind Engines from Nine 
Number of engines considered ... ... 

Total horns’ operation 

Average hours’ operation per engine 

Maximum recorded hours on one engine 

Average hours between overhauls 
Cost of parts per operating hour .... 

Average operating r p.m 

Average fuel consumption, gallons per hour 

Average oil consumption, gallons per hour 


Different Operators 
01 

36,464 

401 

2,000 

200 

4.3 shillings 
1,625 

11.3 
0.42 


TABLE NO. 5 


Sr*r\ k v Data 

on \\ right 

“Whirl 

U 111(1” 

Engines fr« 

»m Stout 

Air 

Services 

Incorporated 

"Motor 

First 

Overhaul 

Seeond 

Overhaul 

Third 

Overhaul 


Total 

N umber 










TTrs 

Mins 

Hrs. 

Mms. 

Hrs. 

Mins 

Hrs 

Mins. 

8108 

271 

30 

130 

52 

— 

— 

620 

17 

7317 

259 

25 

336 

24 

— 

— 

696 

6 

8322 

150 

57 

— 

— 

— 

— 

310 

35 

8168 

124 

50 

— 

— 

— 

— 

124 

50 

8160 

124 

50 

— 

— 

— 

— 

124 

50 

7053 

188 

13 

205 

40 

175 

25 

714 

57 

7324 

259 

25 

271 

12 

— 

— 

708 

12 

7655 

308 

49 

338 

43 

— 

— 

768 

23 

7310 

259 

25 

330 

44 

— 

— 

652 

44 

8045 

— 

— 

- 

— 

— 

— 

36 

45 

8946 



— 

— 

— 

— 

— 

36 

45 

8944 


— 

— 

— 

— 

— 

36 

45 

7800 

272 

35 

— 

— 

— 

— 

272 

35 

7654 

167 

51 

349 

42 

275 

54 

793 

27 

8321 

256 

2o 

— 

— 

— 

— 

256 

26 

8521 

49 

47 

— 

— 

— 


49 

47 

' crage 

. . . 207 


293 


225 


6203 

388 

24 
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Characteristics of Various Aviation Engine Types Compared Graphically by Mr. R'-’” 
Fedden, Well Known British Designer of Air-Cooled Engines to Show Relative Mer ’ 
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TABLE NO. 6 


service Rata on “Jupiter VI” Engines Collected from Twenty Overhauls on Standard 
Direct-Drive Engines Average Time Between Overhauls 336 Hours 



Number Number 

Average Max oh- 

Average Cause of 

Component 

off per 

of Re- 

Life 

served. 

Replacements 


Engine 

place- 

Hours 

Hours to 




incuts 


Date 


Crankcase 

1 

Nil 

1,102 

1.413 


< rank shaft 

.. 1 

Nil 

1.102 

1,413 


\ alve, inlet .... 

. . IS 

11 

1,091 

1,413 

Worn on stem or defective seat 

\ alve, exhaust 

. 18 

59 

083 

1.015 

Worn on stem or pitted seat 

Valve spring 

.. 72 

132 

839 

1,413 

Lost pressures 

\ alve guide inlet 

18 

8 

1 .000 

1,413 

Scored and worn 

\ alve guide exhaust 18 

36 

872 

1.279 

Scored and worn 

Piston . . 

0 

6 

813 

1,413 

Dudgeon pin bosses oversize 

Piston ring 

. 18 

P.4 

305 

681 

Oversize gaps 

Scraper ring 

9 

88 

285 

904 

Oversize gaps 

( vlmder 

9 

? 

960 

1,413 

Scored barrels 

(Minder head 

. 9 

Nil 

1,162 

1,413 


Big end hearing 

1 

? 

872 

1,413 

White metal collapsed 

\tik rod hearing 

8 

2 

1.116 

1,413 

Wear 

Master rod . . 

1 

1 

990 

1,413 

t racked 

\rtic rod 

.. 8 

Nil 

1,102 

1,413 


(iiidgcon pm 

9 

30 

097 

1,015 

Worn in center 

Artie rod pin 

. 8 

Nil 

1.102 

1,413 


Prop huh 

1 

Nil 

1,162 

1,413 





TABLE 

NO 7 



Service Data on “Cirrus” Engines from the Bristol and Wessex Airplane Club 


Number of machines operated ... .5 

T\pe of machines operated ... .. Moth 

Number of engines operated .... . . . . 5 

Period covered 2 \ears 

Total hours’ operation . . . 1,450 

Average hours’ operation per engine 200 

Maximum recorded hours on olio engine . . . 403 

Average hours’ between top overhaul . . 120 

Average hours’ between complete overhaul 300 

Man hours for top overhaul . . 25 

Man hours for complete overhaul . 100 

Cost per running hour, including maintenance, over- 
haul and spares ... . LLr. 

Average operating rpm .. . . 1,800 

Average fuel consumption, gals per hour . . 4 

Average oil consumption, pints per hour 0.5 


TABLE NO 8 


Service Data on “Cirrus” Engines from the A.D.C. Co 

Number of machines operated 

Type 

Number of engines operated 

Period covered 

Total hours’ running 

Average hours per engine 

Maximum recorded hours, one engine 

Average man-hours for overhaul 


from Three Aero Clubs 
.. 4 

School Moth and Avians 
. 4 

2 l /z years 
. . 3,083 

.. 771 

.. 826 
. . 2 SO 
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Maximum hours worded between overhauls 354 

Average man hours for overhaul 110 

Average hours’ life of parts requiring replacement, 
piston rings, rocker hushes, icar roller races . .. 300 

Cylinder barrels . . 000 

Average operating, rpm . . . 1,780 

Average fuel consumption, gals per hour ... . 4 5 

Average oil consumption, pints per hour 1 


QUESTIONS FOR REV I FAY 

1. What is the cylinder construction of the Lorraine engines? 

2. What are the distinctive features of the Cameron Aeio Engine? 

3. Describe the Curtiss “Challenge! ’’ engine. 

4. Why does the “Challenger” si\ cyclmder engine need a two ihn \v crankslu 
while a seven cylinder needs only one crankpiiF 

5. What type crankshaft is used in Continental seven cylinder radial engine' 

6. What is the Brislol-Jupiter cylinder construction 5 

7. What are the different compression ratios used with Bristol- Juj iter engine* 

8. What type of reduction gear is used with Bristol-Jupiter engines'' 

9. Outline Bristol-Jupiter filling system 

10. What are the distinctive features oi the Curtiss Chieftain air-cooled engim 
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CURTISS WATER-COOLED AVIATION ENGINES 

Curtiss Water-Cooled Aviation Engines — Curtiss V-1400 Engine — Curtiss Conqueror 
Engine — Curtiss D12 Engines — Cylinder Head Construction — Valve Mechanism — 
Crankshaft — Crankcase and Oil Pan — Gearcase Assembly — Auxiliary Systems — 
Pistons and Connecting Rods — General Specifications, Low Compression — Tear 
Down Inspection, Curtiss D12 — Disassembly Procedure — Propeller Hub— Car- 
buretion Assembly — Gearcase and Ignition Assemblies — Cylinder Assemblies and 
Pistons — Oil Pan Assembly — Main Bearing Oil Tube — Main Bearing Caps — Cam- 
shaft Assemblies — Valves — Overhaul and Assembly — Top or Partial Overhaul — 
Crankcase — Crankshaft Assembly — Pistons and Piston Rings — Connecting Rod 
Assemblies — Oil Pan Assembly — Cylinder Blocks — Gearcase Assembly — Checking 
Valve Timing D12 Engine — Summary of Clearances. 

Curtiss Water-Cooled Aviation Engines. — The Curtiss aircraft engines 
have been widely used and favorably known for many years and many 
record endurance, altitude and speed flights have been made with these 
motors. The popular and generally used 0X5 series of war-time were 
succeeded by the K6 and K12 engines, the former having six cylinders and 
the crankcase cast in one block, the latter consisting of two K6 blocks 
mounted on one base in Y form. Trouble was experienced in manufacture 
owing to the warping of the large castings so these engines were later re- 
dcsigucd to have the cylinder block and crankcase castings separate. Crank- 
shafts were changed from four hearing to seven hearing and counterweights 
were eliminated. The remodelled K6 now known as the C6 is still built 
lor commercial aviation service and delivers 160 horsepower and weighs 
420 pounds. Several hundred of these engines are now in service and are 
far more reliable than the Model C ) X 5 , which has a good reputation in this 
respect. This six-cylinder engine weighs slightly less than the eight- 
i Hinder 0X5 and delivers 50 more horsepower. It is not geared. 

d'he Curtiss 1)12 engine which is shown at Figs. 669 and 670 was de- 
signed and built m 1921 and passed its official 50-hour test in t lie beginning 
“I 1922. This engine was the result of all the experience gained from the 
previous models and weighed 690 pounds, which was 30 pounds less than 
the Model Cl M2 engine. The bore and stroke were the same as in the 
bitter, by 6 niches. The sparkplugs were relocated, one between the ex- 
haust valve and the other between the intake valves, directly opposite each 
"ther. The carburetion was also greatly improved over that of the pre- 
( f “ding models. All the detailed parts and accessories that had previously 
Si ven trouble were altered and improved. More than 350 of these engines 
f Kive been built and have developed an average of 410 horsepower at 2,000 
' pm. and 440 horsepower at 2,250 r.p.m., low compression. 

The Air Service has pushed the development of this engine steadily by 
1 'inning 50-hour tests at various speeds at McCook Field. The engine has 
assed 50-hour tests at 2,250 and 2,450 r.p.m., and developed 455 horse- 
"wver with low compression pistons in the test at the higher speed. Low 
' impression is regarded as that compression ratio which will allow the 
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engine to operate without detonation on domestic aviation gasoline coi 
taining no “dope.” This high-speed 50-hour test was run without aio 
forced stops or trouble of any kind. The engine is now rated at 435 horsi 
power at 2,300 r.p.m. Operation for more than 200 hours between over 
hauls is being obtained in service with this engine. 



Fig. 669. — Direct Front View of Curtiss D12 Water-Cooled Engine. 


Curtiss V-1,400 Engine. — During the latter part of 1924 the Curtis* 
V-1,400 engine, shown in Fig. 671 was designed and built. This model 
which has a bore of 4]/$ inches and a stroke of 6j4 inches develops fror. 
505 to 520 horsepower at 2,100 r.p.m., low compression, and more than 69- 
horsepower at the higher speed and with high compression pistons. It 1 
lighter than the production 1)12 engine, as it weighs only 685 pounds, dn 
and fits in the same engine bearers. It is slightly narrower than the Fl- 
owing to the double camshafts being driven through three spur-gears m 
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lead of two, the bevel drive being attached to the third spur-gear, which 
> mounted below the two spur-gcars on the ends of the camshafts. The 
sleeve construction is the same as in the 1)12 except that the heads of the 
lceves are open and are screwed into the aluminum heads against shoul- 
ders on the sleeves. The valves are seated on aluminum-bronze inserts in 
die aluminum head. The cooling water comes in contact with the steel 
deexes, as in the D12 engine, and the lower end of the sleeve is sealed with 
„ composition gasket, as before. This cylinder construction is clearly 
Imwn at 1», Fig. 166 in the discussion on water-cooled engine cylinder 
u instruction. lVox isioti is made to use either battery or double-magneto 



Fig. 669A. — The Curtiss Six-Cylinder Engine Model K6 Was One of the Intermediate 

Types. 

ignition. The magneto is a Splitdorf double machine that operates with 
l">th armatures on one shaft and with two contact breakers, two coils and 
two condensers, all in the same machine. The distributors are mounted 
mi the ends of the camshafts and arc used with either the battery or the 
magneto ignition. 

This V- 1,400 engine, which weighs from 1.10 to 1.33 pounds per horse- 
power, depending on the power output, is more than 50 pounds lighter than 
ms nearest competitor, either in this country or abroad. The simplicity 
: 'id sturdiness of the crankcase will be noted in the illustration. During 
s official 50-hour test, which was completed in seven working days, the 
nginc improved in power throughout the test. The short duration of the 
st alone indicates the remarkable reliability of the engine. The new type 
f cylinder construction improved the valve cooling, as is indicated by the 
act that only three out of the 24 exhaust valves showed any leakage after 
he test. The average fuel consumption during the test was 0.4 ( ) pounds 
er brake horsepower hour. The average oil consumption was 0.018 pound 
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per brake horsepower hour, and the oil temperature difference betwee:. 
inlet and outlet was only from twelve to fourteen degrees Fahrenheit. 

The small difference in oil temperature is most interesting, since a lo u 
oil temperature difference is highly desirable. With the production of 
very high horsepower in small units it is necessary to use an oil tempem- 
ture regulating device in an airplane owing to the small crankcase arc . 
that is available for radiation. If the temperature difference is large, con- 
siderable heat must be dissipated, which presents a difficult problem. An - 
cooling of oil has not been found satisfactory, since the oil in the cooler 



Fig. 669B. — Curtiss Twelve-Cylinder Engine Model K12 of Early Design. 


congeals rapidly on the surfaces of the cooler and effectively insulates the 
remaining body of oil. As early as 1919 the Curtiss Company successfully 
adapted to its racing airplanes a method of oil-cooling by the use of the 
cooling-system water. A small-corc radiator was inserted in the intake 
side of the water system. The oil was allowed to circulate through this 
core in the space usually provided for water in the conventional radiator, 
and the water was circulated inside of the cartridge tubes in the space 
ordinarily used for airflow. It was found that by this arrangement the oil 
temperature could be kept very close to the temperature of the water 
flowing into the engine, a very desirable arrangement. 

CHARACTERISTICS V-1400 


Length, overall 

SKJ4' 

Width, overall 

26" 

Height, overall 

25^' 

Cylinders 

12 

Pore 

4H" 

Stroke 

<>'A" 
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Compression ratio 5.5 : 1 

Horsepower 510 Blip, at 2100 R.P.M. 

Weight <><>0 pounds 

Wt/Hp 13 lbs /Hp. 


Curtiss Conqueror Engine. — This is one of the most recent types and 
^ shown at Figs. 6 71 and 673. It is made in direct drive and geared types, 
ihe side view at Fig. 673 being a geared type. It is rated at 625 horsepower 



Fig. 670. — Curtiss D12 Water-Cooled Engine is a Light, Compact and Powerful 
Twelve-Cylinder Form. This is a Three-Quarter Front View. 

at 2.400 r.p.m. Idle direct drive type is rated at 600 horsepower. It is 
Minilar in general construction to the famous Curtiss 1)12. The direct 
drive model weighs 760 pounds, the geared form weighs 840 pounds, these 
hgures giving the dry weight without propeller hub or starter. The bore 
of the Conqueror is 534 inches, the stroke is 6j4 inches. The compression 
ratio is 5.8 to 1. The brake mean effective pressure is 128 pounds per 
square inch. The displacement is 1,569 cubic inches. The overhead valve 
mechanism, cylinder construction and general arrangement is very similar 
to the D12 engine, the difference being in refinements of detail and of course, 
s uch changes in the structural elements as the larger power output and 
mcreased displacement makes necessary. 

The 1,550 engines are designed to go in the same engine bearers as 
•re used for the D12 engine. This means that the bearing areas on the 
iew engines are not greater than those on the D12 as far as length is 
oncerned. However, the crankshaft has been increased in diameter from 
hree inches to three and one-half inches to take care of additional bear- 
mg area as well as to stiffen and strengthen the crankshaft for the addi- 
tional power and speed. The details of construction of the crankcase. 
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crankshaft, and connecting rods are almost identical with those on tl" 
D12 engine. The connecting rod bearings are the same size but the ro 
have been increased in section in proportion to the power of the engin* 
Removable bearing shells are being used in these rods to facilitate servu 
Steel back bearing shells are being used on both the main and connectii.^ 
rod bearings. The bearings in the forked rods are “Non-Gran” bron?. 
The bushings in the upper ends of the rods are also made of this material. 
The crankshaft is held in place with eight forged duralumin bearing cap 
which are mounted on the parting line of the crankcases, this line being 
on the center line of the crankshaft. The eighth bearing referred to is an 
out board bearing in front of the thrust bearing on the direct drive engine 
and in front of the pinion reduction gear on the geared engine. 



Fig. 671. — Side View of Curtiss V-1400 Aviation Engine which Delivers 510 Horse- 
power at 2,100 R.P.M. and with a Dry Weight of 1.3 Pounds per Horsepower. 

The cylinder block construction differs from the 1)12 in the cylindei 
sleeve and valve seat arrangement. The 1)12 has a closed end sleeve with 
the valves seating in the closed steel end. The 1,550 models use a sk*c\ <■ 
open at both ends and screwed into the aluminum head. The valves scat 
on aluminum bronze inserts. This type of construction was developed 
in the V- 1,400 engines which had a bore and stroke of 4% inches by 6 ’4 
inches, respectively, while this engine has a bore and stroke of inches 
by 6J4 inches. This type of valve seat construction is being used in man> 
air-cooled engines with aluminum heads. The valve size has been increased 
to take care of the increased displacement, this being possible on account 
of the larger cylinder bore. The Curtiss valve gear using the “T” shape 1 
cam-followers and double camshafts is retained on this model although two 
of the camshaft bearings on each head have been eliminated to save weigC 

The conventional type water cooling system is used, a centrifug - 
pump feeding the two cylinder blocks at the lower end of the jacket 
six points from two outlets on the pump. The water leaves the toping 1 
point of the head from six points on each head, entering a manifold fro- 1 
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,\hich it can be conducted either to a radiator or through a water expan- 
sion tank and then to a radiator. 

The lubricating system is the same as on the latest production D12 
engines. One pressure pump feeds oil directly to the main bearings through an 
(1 ,1 manifold attached to the top of the bearing caps. The oil passes into 
Nos. 2, 4 and 6 main bearings, each of these main bearings feeding two 
connecting rods through steel tubes spun into the crankshaft. An annular 
groove cut into the babbitt of each connecting rod bearing insures pressure 
tied to the link pin bearings. The piston pin bearings are fed by the oil 



Fig. 672. — Anti-Propeller End View of the Curtiss V-1570 “Conqueror” 625 Horse- 
power Direct Drive Twelve-Cylinder Water-Cooled Engine. 

■ hieh is thrown into the cylinders from the crankshaft. By means of a 
ube spun into No. 1 main bearing at the accessory end of the engine, oil 
indexed through steel pressure tubes to the camshaft bearings. The 
acks of the cams are drilled for lubricating the “T” shaped cam-followers. 

‘ dl is also fed from this same line to the plain bearings on the upper vertical 
baft. The plain bearings on the lower vertical shaft a r e fed by oil which 
dlects in a large pocket around these bearings, lhe od draining from the 
amshaft bearings lubricates the ball bearings on the camshafts, driveshafts 
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as well as the ball bearings on the upper end of the water pump shar 
The oil is returned to the outside oil tank in the following way: there air 
two scavenging pumps. One takes oil from the propeller end of the engu,. 
and delivers it to the accessory end of the engine or the back end of tin- 
engine when it is installed in an airplane. The second pump picks up tin 
oil from the back end of the engine, returning it to the outside oil tank 
By the use of this system, any air which is picked up by the propeller end 
pump when the engine is in a climb will be discharged into the crankcase, 
thereby, eliminating practically all foaming of oil in the tank caused l» v 
emulsion of oil and air. 



Fig. 673. — Side View of the Curtiss V-1570 “Conqueror” Engine with Geared Propeller 

Drive. 

The GV-1,550 engine is a geared model, being built at the present time with 
a gear ratio of two to one, the propeller turning at half engine speed. Regular 
stub tooth spur gears with a three-inch face width are used. The large 
gear is mounted on a Curtiss flexible coupling which absorbs the shocks in 
the gear train insuring long life. After a 50-hour test at 525 to 535 
horsepower, these gears showed no wear, being in practically the same 
condition as when the test started. The propeller shaft is mounted on plain 
bearings with the outer bearing in a housing which holts to the crankcase 
The main housing is cast integral with the crankcase. Thrust is taken on 
a large deep grooved ball bearing. The bearings on each side of the pin- 
ion are also plain, the end thrust of the crankshaft, due to its weight when in an 
inclined position, is taken care of by a small deep grooved ball bearing 
mounted iti a cap which closes the hole in the crankcase at the end of the 
crankshaft. This bearing also locates the position of the crankshaft in the 
case. In the direct drive model the crankshaft is held in position by th 
deep grooved thrust ball bearing located between Nos. 7 and 8 main bea t 
ings, being similar in construction to the D12 engine. 

The geared engine passed a 50-hour official Government test at 5~ 
horsepower at 2,100 r.p.m., and, as a result of subsequent testing <>' 
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higher speeds, has 1)een developed for use at 575 horsepower at 2,500 
i p.m. The direct drive model has been developed for use at 600 horsepower 
at 2.500 r.p.m. The direct drive model was used in one of the 1025 Schnei- 
der Clip Races also when it was flown in the 1026 race. The engine 
developed, with high compression, a maximum of 708 horsepower at 2,600 
r p.m. and w eighed 725 pounds dry. 'The geared model w eighs 840 pounds 
dry, w r hich gives an additional weight of 115 pounds due to the gearing. 
Hie D12 engine Aveighs 680 pounds. Therefore, by the addition of 35 
pounds in weight, it has been possible to increase the power by approxi- 
mately 150 horsepower with a slight reduction in frontal area. This 
i eduction has been possible by the use of three spur gears driving the double 
camshafts, the third spur being placed as an idler behnv the two gears on 
the camshafts. The bevel driving gear is mounted on this third gear. This 
design drops the bevel gear behind the cylinder block, thereby taking off 
approximately two inches in width at the hack end of the engine. The 
engine has a maximum wddth, as a result of this change, of 26 inches, 
whereas the 1)12 is 28 inches w T ide. 

It might be w r ell to point out that a normal engine speed of 2,500 r.p.m. 
is something like 500 r.p.m. higher than any air-cooled engine of any- 
where near this power. During violent maneuvers in pursuit planes, the 
engine speed in a vertical drive reaches something over 3,000 r.p.m. No 
air-cooled engine of radial form, as far as the writer kmwvs, has been made 
to withstand this severe speed. The advocates of radial engines for pursuit 
airplanes must face the fact that these high speeds are not as easy to obtain 
with the heavy crankpin loads as they are in Vee type engine with lighter 
loads. The gasoline engine, particularly w r ith a supercharger, increases 
its power almost directly in proportion to the engine speed. Therefore, it 
is very advantageous to use this speed and the Vee ty pe of engine, either 
water-cooled or air-cooled, undoubtedly has ail advantage in this respect. 
Also, other types of engines which are a compromise between the radial 
form and the Vee form are undoubtedly superior in respect to the heavy 
crankpin loads than is the radial engine. 

'Fhe air-cooled radial appears to he the lightest form of engine per 
horsepower at a given speed. However, it is not the best form as far as 
head resistance is concerned, ow r ing to its large overall diameter, as has 
been demonstrated by the comparative performance of the Curtiss Hawk 
airplane with the Liberty air-cooled Vee engine and a radial air-cooled 
engine of the same power. The machine w r as faster and the visibility 
hotter wdien using the Liberty air-cooled engine. By using high engine 
speeds which are at present prohibitive in the pure radial type of engine, 
the w'ater-cooled and air-cooled Vee engines can compete with the radial 
«»n a basis of weight per horsepower, although at the present time the 
specific weight is in favor of the air-cooled radial on some of the new 
ngines starting in production, which, however, have not been service- 
vsted extensively. While it has not been definitely proved that the radial 
^rm of engine, with its heavy crankpin loadings, cannot be run at such 
mgh speeds as 3,000 r.p.m. or more, the fact remains that it has not been 
lone nor is there any record of the makers of such engines recommending 
peeds in excess of 2,200 r.p.m. for geared forms. With more cylinders 




Fig. 674 . — Basic Assembly — Transverse Section of Curtiss D12D Aviation Engine. 
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,>f smaller size and with the knowledge that is available at the present time, 
;he cooling ability of an air-cooled engine is definitely limited by the amount 
of square inches of cooling fin that can be put on a given volume of cylinder. 
Therefore, if the horsepower goes up in direct proportion to the speed 
there will be a definite engine speed at which the air-cooled cylinder will 
not cool. With a water-cooled engine one needs only to supply more 
radiation to take care of the increased horsepower. The use of such engine 
speeds as 5,000 to 7,000 r.p.m. in racing car engines gives one an idea of the 
possibilities of furl her development with the water-cooled type. It is 
very doubtful whether it will be possible to get the horsepower per cubic 
inch out of an air-cooled engine at these high speeds unless some radical 
development in cooling is made, providing of course, that no other limiting 
factors, such as propeller efficiency holds the speed down. 

Curtiss D12 Engines. — All Curtiss D12 type engines are rated 435 horse- 
power at 2,300 r.p.m. , regardless of model numbers such as D12C, D12M, 
etc The Curtiss D12 aircraft engine is a twcl\ e-cyhnder, water-cooled 
60 degree Yee type engine employing two high-tension magnetos and 
two dual carburetors. The cylinder construction is of the enbloc type, 
with cylinders of the wet sleeve type four and one half inches bore by six 
inches stroke, or a total nominal displacement of 1,145 cubic inches. There 
are four valves per cylinder, two inlet and two exhaust. These valves 
are operated by two camshafts oti each cylinder bead driven by bevel gears 
<>t the timing gear train. Each water jacket serves six cylinders and trans- 
mits the explosion forces to the crankcase. 

Cylinder Head Construction. — Steel cylinder sleeves of carbon steel 
hydraulically forged with one end closed are rough machined, heat-treated, 
and finishcd-machined with the exception of the final grinding of the bore 
before assembling in the cylinder head. The threaded portion of the sleeve 
is approximately one and one half inches long, and is at the closed end. 
Careful machining is done on these sleeves and the cylinder head to main- 
tain a perfect joint between the aluminum alloy head and the steel sleeve. 
An integral stud on the end of the closed head of the slee\e passes through 
the water jacket thereby improving the contact between the steel head and 
the aluminum head. The valve port holes are machined after the sleeve is 
assembled and duralumin sparkplug bushings are assembled in place. The 
aluminum water jacket is cast in one piece and is assembled over the lower 
end of the six sleeves, the water joint being maintained between the sleeve 
<md jacket by a composition gasket under the flange on the sleeve. The 
’ipper joint is made tight with a copper asbestos gasket. The sleeves fit 
cry snugly in the water jacket at the lower end. This gives ample sup- 
port to prevent the thin sleeve from going out of round. The cylinder head 
NO!' REMOVABLE. The basic assembly view's at Figs. 674 and 675 
how the construction of the engine and should be referred to as the 
description is read. 

Valve Mechanism. — Each cylinder is fitted with four interchangeable 
eel tulip valves, two intake and two exhaust, seating directly in the 
4 eel cylinder head. The valve stem guides are east iron. The camshafts 
■ire mounted on the top of the cylinder heads on six aluminum brackets, 
he shafts running directly in the aluminum. These brackets are carefully 
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Fig. 675. — Basic Assembly — Longitudinal Section of Curtiss D12D Aviation Engine. 
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doweled to the head and are interchangeable, no alignment, reaming or 
hand scraping being necessary during manufacture or overhaul. The intake 
camshaft is driven by the exhaust shaft by means of spur gears at the 
anti-propeller end. A bevel gear is mounted on the exhaust camshafts as 
follows : — The spur gear on the exhaust shaft is extended beyond the 
width of the normal gear and the bevel gear is internally splined to fit 
over this extension. A single large Hanged nut holds this gear on the 
diaft. Owing to the fact that the number of teeth on the spur gear differs 
from' the number of teeth in the bevel gear a very fine adjustment is 
obtainable on the timing by shifting the gear in relation to the shaft. One 
cam operates two valves through a Tee shaped cam follower working in 
a bushing in the cylinder head, the cam follower removing all side thrust 
from the valve steins. The valves are adjusted bv adjusting screws clamped 
in the ends of the Tee cam follower. The camshaft hearings arc lubricated 
by oil pressure of approximately six pounds per square inch and the cam 
followers and valve guides are oiled by splash. 

Crankshaft. — The crankshaft is of the conventional eight bearing type 
being made of low chrome nickel steel. The center journal is one and 
three-quarter inches effective length and the balance of the journals one 
and one-half inches. The journal and crankpin diameters are three inches 
and two and one-half inches respectively and the crank cheeks are oval 
in profile. The propeller thrust bearing is mounted between No. 7 and No. 
8 main bearings and is a deep-grooved radial annular ball bearing. This 
bearing takes thrust in either direction and The method of mounting 
adds greatly to the rigidity of the propeller in flight. Gyroscopic forces 
are well taken care of by this arrangement. The crankshaft and its bear- 
ings are clearly shown in longitudinal section, basic assembly drawing at 
Fig. 675. 

Crankcase and Oil Pan. — The crankcase is an aluminum alloy casting 
divided into sections by the webs supporting the main bearings. There 
is a pocket in the case between No, 7 and No. 8 main bearing for the thrust 
bearing. Each bearing cap is held by four studs and castellated nuts and 
is located positively by a key and keyway. The bearing caps are duralumin 
forgings, all the same except for No. 7 and No. 8 which locate the thrust 
bearings. Oil is fed to the main bearings through drilled passages in the 
bearing caps as shown at Fig. 675. A passage is machined in the right hand 
‘dde of the crankcase at the center web for receiving a thermometer for 
indicating the inlet oil temperature and is also an oil duct to the main 
bearing oil manifold. 

Steel-backed babbitt bearing shells are used for both main and con- 
necting-rod bearings. The main bearing shells are held in place in both 
die caps and case by four brass countersunk head screws and by the clamp- 
ng action of the bearing caps. The bearings are bored and burnished to 
ize in a boring mill by means of a fly cutter boring bar. This method of 
machining insures correct diameter and alignment. 

The oil pan is an aluminum alloy casting supporting the oil pumps 
md incorporating the chamber for the oil strainer. The idler gear between 
^he lower vertical shaft (pump shaft) of the gearcase and the oil pump 
drive gear is also supported by the oil pan. There are two small sumps in 
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the oil pan, one at the propeller end and the other where the oil pumps ar< 
assembled. 

Gearcase Assembly. — The gearcase assembly which is shown at Fig 
676 is removable as a unit and comprises drives for fuel, oil and water 
pumps, magnetos, gun controls, camshafts and generator. There are t\v. 
vertical shafts as shown in the illustration of the timing gear train at 
Fig. 677, the lower driving the water pump by means of a spline, the fuel 
pump by a worm drive and the oil pump by spur and idler. This shaft 


Cf AKtASI. ASSI MBLY ON ASSI'MBl.V JIG 



Fig. 676. — Curtiss D12 Gearcase Assembly on Assembly Jig, a Shop Fixture that 
Insures Proper Alignment of Parts. 

runs in two bronze bushings which are lubricated by the oil bath in which 
the shaft is located. A pocket of about one-half a pint capacity is incor- 
porated in the gearcase casting around this shaft and is filled by the oi 
draining from the camshaft housings. The shaft is driven at one an* 
one-half engine speed by a bevel gear at its upper end meshing with tlu 
crankshaft gear. The spur gear at the bottom end of the shaft is below tly 
pocket and drives a spur idler, this in turn driving the oil pumps, Lubri 
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ration is by oil collecting- in the sump the oil pumps are located in. The 
upper vertical shaft runs in bronze bushings, one at the lower end and 
one just under the shoulder near the center of the shaft, and has a ball 
hearing at its upper end. There is a small annular space between the 
hashings, and this is supplied with oil under pressure. The ball bearing 
is lubricated by splash. The shaft is driven by the crankshaft gear and a 
bevel gear at one and onc-lialf engine speed. 



Lower vertical shaft 
Oil pump drive 


Oil pump 


V 


Fuel pump drive 


^ Water pump' 


Pig. 677. — The Timing and Accessory Drive Gear Train of the Curtiss D12 Aviation 

Engines. 


Just above the shoulder there is a bevel gear driving the magneto coup- 
’ll gs through bevel gears, one coupling on each side of the gearcase. The 
nagnetos extend at right angles to the longitudinal axis of the engine, 
: 'eing mounted on brackets cast on the gearcase. Both magnetos rotate 
lie same. The magneto coupling drive consists of a combination of an 
Mdham coupling and a Thermoid disc, thus taking care of slight mis- 
alignment and providing a shock absorber. A micrometer adjustment is 
obtained by the use of two discs having a different total number of holes 
n equal pitch circles. 
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At the upper end of the shaft under the ball bearing is an angle gear 
meshing with the angle gear at the lower end of each camshaft driveshaft 
These gears are all the same pitch diameter. The camshaft driveshaft^ 
rotate at one and one-half crankshaft speed and drive the bevel gears of the 
exhaust camshafts by means of small bevel gears at their upper ends. The 
gears arc splincd internally and fit over splines on the shafts. Castellated 
nuts hold the gears tightly and are locked by taper pins. All adjustments 
are by means of steel shims of different thicknesses. The gun control 
drives are mounted on the housings for the camshaft driveshafts and re- 
volve at crankshaft speed. There are two ball bearings in the gun control 
drive housings, the bearings, slums, and gear being clamped in place by a 
castellated nut on the end of the shaft. The gear driving the gun control 
is machined in the camshaft driveshaft. 



Fig. 678. — Carburetion Assembly of Curtiss D12 Aviation Engine. 

Auxiliary Systems. — Two Stromberg NA-Y51) or NA-Y5F carburetors 
are used. Each carburetor is connected to a 4< Y M manifold, this in turn 
being connected to an “E” manifold on each cylinder block. Each carbu- 
retor barrel supplies three cylinders. The “Y” manifolds arc watei 
jacketed. Both carburetors are supplied with air by a single air scoop ami 
air chimney. The carburetors, air scoop, air chimney and “Y” pipes ma> be 
lifted as a unit. (Fig. 678.) Two Scintilla AG-121) (or VAG-12D) (l1 
Splitdorf SS12 magnetos are used for ignition on the engine, supplying tv* 
sparkplugs per cylinder. The left magneto fires the plugs located at the 
intake side of the cylinder blocks and the other the plugs at the exhaim' 
side. 

Water is taken in at the bottom of the water pump and discharged im 
a distributing manifold at the lower part of each water jacket. The watt 
is passed upwards to the cylinder head and taken from the head by 
manifold or header fastened directly to the head. Connections are mat! 
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from the surge or expansion tank and the inlet water pipe to the “Y” 
manifold jackets. This engine has been designed to use water manifolds 
for the outlet directly on the cylinder head thus eliminating the objection- 
able feature of passing water through the intake manifold gasketed joint. 
The water system as supplied on the engine should not be altered. The 
conventional pressure and dry sump lubricating system is used on this 
engine. The scavenging pumps are entirely separate, eliminating any 
possibility of air destroying the pump capacity. All plain bearings are 
pressure fed except the bushings for the lower vertical shaft of the gearcase. 
All other bearings are splash fed by the oil running back from the cam- 
shaft housings. 



Fig. 679. — Connecting Rod Assembly of Curtiss D12 Aviation Engine. 

Pistons and Connecting Rods. — The pistons are aluminum alloy cast- 
mgs of the ribbed head type, this construction allowing a light, strong 
piston. All rings are of an inch wide. The piston pins float in both the 
pistons and the connecting rods and are held in place by lock rings in the 
'►istons. Oil holes just below the lower ring allow the excess oil to be 
’emoved from the cylinder walls. The connecting rods are of the master 
md articulated type as shown at Fig. 67^. Roth rods are steel drop forg- 
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mgs machined all over. The piston pin bushings arc of bronze and arc 
pressed in. They are lubricated through two % c -inch diameter holes 
near the top of each rod. The wristpin bushings are also of bronze and 
are lubricated by pressure from the crankshaft. The wristpin is held in 
its proper place in a boss on the master rod by a bolt and nut. 

The fuel system used on the D12 engine employs the Curtiss Triplex 
or the Air Corps C5 gasoline pump feeding fuel to the carburetors. The 
over capacity of the pump is taken care of by a relief valve and an over- 
flow back to the tank. Various models of 1)12 engines are made, these 
differing in details but all are the same in construction of the principal 


GENEK \L SPECIFIC ATJONS 

Low Compression 


Name 

Rated Hp .... 

Model . 

Type of Engine (Direct Drive) . ... 

Number of Cylinder-.. 

Length of Engine . . . 

Width of Engine 

Height of Engine ... . . 

Displacement of Engine 

Bore 

Stroke 

Compression Ratio 

Type of Piston .... 

Piston Displacement 
Number of Piston Rings . 

Angle of Cylinders . 

B.Hp. at sea level at 2300 R PM. ( Maximum) 
Ignition System, Scintilla or Splitdorf 

Carburetor (Type and Si/e) 


C urliss 

435 Hp. at 2300 R P M 
D12D 

Water-Cooled “Yec" 

12 

56 «" 

28 J4" 

34-H" 

1145 cu. in. 

4 5" 

<>" 

5.3 to 1 

Aluminum trunk ribbed 

05 4 cu. in. 

3 p-er cylinder 
<>0 D 
450 

Two single spark high-tension mag 
netos 

Two 2" Stromberg NA-Y5D or N-\ 
Y5F 

8 

Gear 
140° F. 

120 lbs per sq in. ga. 

Winter, Gulf 75-85; Summer, Gull 
90-95 
.010 lb. 

Centrifugal 
180° F. 

44 lbs. 

.52 lbs. 

.50 lbs. 

3 to 5 lbs. per sq. in. ga. 

Crankshaft 
Yi Crankshaft 

IL-6R-5L-2R-3L-4R-6L-1R-2L-5R- 

4L-3R 

200 

bRO lbs. plus or minus 10 lbs. 


Number of Main Bearings 

Type of Oil Pump 

Desired Oil Ternp under normal operation, inlet . 
Oil pressure desired (Minimum with oil outlet at 

160° F.) at 2300 RPM 

Grade of oil desired 

Average oil consumption per B Hp. Hr 

Type of Water Pump . . . 

Maximum water temp allowed 

Capacity of cylinder water jackets 

Average fuel consumption per B.Hp Hr. Full 

Throttle 

Average fuel consumption per Blip Hr Cruising 

Pressure of fuel supply 

Speed of Propeller 

Speed of Tachometer Shaft 

Firing Order 

Approximate hours before overhaul 

Weight of Engine empty and without accessories 
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parts and the main assembly. The general specifications of the low com- 
pression type or D12D engine may be considered typical and these refer 
to the engine shown in sectional views at Figs. 674 and 675. The installa- 
tion drawing at Fig. 680 shows important dimensions. 

Tear Down Inspection, Curtiss D12. — This engine does not have a 
removable head. The cylinder blocks (banks) are removable as complete 
units. The joint just below the sparkplugs is merely the place where the 
water jackets attach to the cylinder head assembly. This joint should 
never be disturbed as removing and replacing the water jacket without 
proper equipment may cause the lower end of the cylinders to go “out of 
round.” When the observer looks over the anti-propeller end of the engine 
toward the propeller end everything to the left of the vertical plane through 
the center line of the main bearings is referred to as being on the left hand 
(L.ll.) side. Keep all parts clean. If the parts are not to be worked on 
immediately cover the steel parts with light grade Corol or other rust 
preventing compound. It is recommended that each assembly be removed 
as a unit and be kept as such until ready for the overhaul of that unit. 
Overhaul each unit separately. 

Disassembly. — If it becomes necessary to completely disassemble the 
engine for reconditioning it is recommended that the following order be 
carried out. 1. Remove the exhaust sparkplugs. 2 Remove the propeller 
hub. 3. Remme the carburetor assembly. 4. Remove the intake spark- 
plugs. 5. Remove the cvhnder head covers. 6 Remove the inlet water 
tubes, loosen the gearcase assembly, and remove the distributor blocks. 

7. Remove the gearcase assembly and crankshaft gear. 8. Remove the 
ignition wires and conduits. 9. The magnetos should be removed from the 
gearcase, tested, and put in first-class condition. 10. Remove the camshaft 
oil supply tube from the crankcase and cv bnder blocks. Remove the R. II. 
cylinder block (bank) from the engine, taking care to prevent pistons and 
rings from being damaged. 11 Remove the R. If. pistons from the con- 
necting rods. 12. Remove the L. If. cylinder block taking care to prevent 
the pistons and rings from being damaged. 13. Remove the pistons from 
the master rods. 

14. The oil pan assembly should be removed. 15. The main bearing oil 
tube should be carefully removed before attempting to remove the main 
hearing caps. 16. The connecting-rod bearing caps should be taken off and 
die connecting-rod assemblies taken out. 17. The main bearing caps should 
he taken off and the crankshaft removed from the engine. 18. The cam- 
haft assembly should be taken off each cylinder head. 19. The valves 
hould be tested and taken out of the engine. 

Exhaust Sparkplugs. — The sparkplugs should be taken apart (after 
•>ting their general appearance) using the special B. G. wrench and holder 
’ possible. If necessary the plugs should be cleaned thoroughly with 
asoline and a stiff brush. The carbon deposit on the mica core should 
■e removed with fine sandpaper. Care should be taken to prevent getting 
he shells and cores mixed. When assembling, be sure the core is screwed 
’ito the shell very tight. For AC plugs the gap should be .023 inch and 
BG plugs .015 inch. All plugs should he tested with a high-tension 
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Fig. 680. — Installation Drawing of Curtiss D12D Aviation Engine. 
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electric current before replacing - in the engine. If tested with a vibrator 
coil spark in the dark, any leakage between core and shell can be readily 
determined. 

Propeller Hub. — The propeller hub may be removed by using a four 
foot bar one and one-quarter inches diameter. This bar should have one 
or both ends turned down to a diameter of seven-eighths of an inch for a 
distance of three and one-quarter inches from the end. The propeller hub 
nut has a right hand thread. In backing off the propeller hub nut it will 
he noticed that the first turn will be easy but then the nut will turn hard, 
by using a heavy hammer to strike the bar close to the nut and in the 
meantime keeping a tension on the bar, the nut will loosen quicker than by 
applying only a steady pull on the bar. The hub nut has different threads 
and the nut acts as a puller when unscrewed. Screw the hub nut by hand 
on the end of the crankshaft to prevent damage to the threads of the 
crankshaft in event of an accident in handling. 

Carburetion Assembly. — The NA-Y5F carburetor assembly as shown 
at Fig. 678 may be removed after removing the air chimney and dis- 
connecting the throttle, altitude controls, and fuel lines by simply discon- 
necting the “Y” pipes from the “L” manifolds. The two carburetors, the 
“Y” pipes and the airscoop will lift off as a unit. For removing the NA-Y5 
carburetor assembly the interconnecting altitude control rod must be 
removed first. Intake Sparkplugs. — The intake sparkplugs may be removed 
from the \ ee of the engine and cleaned and inspected as previously men- 
tioned for exhaust plugs. 

Cylinder Head Covers. — The c\ liuder head covers are fastened by means 
of fillister head cap screws, before the screws are removed, the tachometer 
drive assembly should be taken out as the cover is not removable with this 
assembly in place. After removing the cap screws the covers may still 
refuse to come entirely clear. This is due to the fact that in certain posi- 
tions there is not enough clearance between the cams and the cover. By 
turning the crankshaft slowly the cams will clear and the cover will lift 
<>ff. I)o not turn the crankshaft w hile the cover is held lip from the gasket 
surface as a turning cam may spring the cover. 

Gearcase and Ignition Assemblies. — Disconnect the hose connections 
between the water pump and the inlet water tubes and remove the water 
'uhes (manifolds). The gearcase should not he removed until after the 
position of the timing marks is noted. The arrows on the magneto coup- 
lings should line up w r ith the scribed line on front of the gearcase when 
he breaker points on the L. II. magneto break to fire cylinder 1L (one left), 
lie magneto coupling gear marks should line up when the central mark 
•n the gear of the upper vertical shaft is at the center of the upper opening, 
'n this position all timing marks should line up according to drawing 

-4,650 ( Fig. 681). 

The gearcase as shown at Fig. 676 is held on the engine by cap screws 
nd nuts. There are two cap screws holding each housing for the cam- 
haft driveshaft to the cylinder block. The gearcase should he removed as 
unit. After removing the screws and nuts holding the gearcase on the 
ngine pull the gearcase away from the engine about two inches. This 
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will allow the removal of the inside distributor blocks of the Scintilla 
magnetos. When equipped with Splitdorf SSI 2 magnetos the distributor 
blocks may be removed without loosening the gearcase assembly. Remove 
the gearcase and the crankshaft gear from the engine. The ignition wires 
conduits, and distributor blocks may be removed as a unit. The conduit- 
are held to the cylinder blocks by aluminum clips. Do not remove tin 
wires from the conduits or the distributor blocks as it is not necessary. 

Magnetos. — The magnetos may be taken off by disconnecting the spark 
control rods and removing the four dural cap screws holding the magneto- 
to the gearcase. The R.H. and T,.ll. assemblies bear identification marks 
but great care should be taken to prevent the different parts from becoming 
mixed. 

Cylinder Assemblies and Pistons. — It is not necessary to remove the 
intake “L” manifolds, but care should be used to prevent them from being 
damaged. The R 11. cylinder block should be removed first. If there arc 
a number of mechanics available it is advisable to turn the engine so that 
the right hand block is horizontal. There should be at least three mechan- 
ics to remove each cylinder block, one supporting each end of the block 
while remo\ ing it and the other to prevent the pistons and rings from being 
damaged If there are only two mechanics to do the work light chain falls 
should be used to lift each cylinder block off. Turn the engine so that the 
block to be removed is vertical. Attach a sling and lift the block slowly. 
Take care to pre\ent the rings and pistons from being damaged. Remove 
the R.ll. block first. The illustration (Fig 682) .shows one of the blocks 
being placed on the engine but serves to show the method of removal 
just as well as it is just the reverse of the assembly when enough mechanics 
are available to do the work. 

One retaining ring for each piston pm should be removed. Use a tool 
that will not injure the piston material, prying the pin out of the groove 
by means of the slot milled at the piston pin hole of the piston. Keep each 
piston pin with its ow r n piston. If the piston pin cannot be removed with 
the fingers, a tapered wooden plug driven lightly into the pin will accom- 
plish its removal. Remove the L.H. cylinder block in the same manner 
Remove the pistons from the master rods. 

Oil Pan Assembly — The oil pun may be removed after all external oil 
lines have been removed. The oil pump assembly may be removed either 
before or after removing the oil pan. The screens should be examined 
closely for broken cotters and any foreign materials, and then cleaned. 

Main Bearing Oil Tube. — The oil tube supplying the main bearings 
should be removed. Re very careful to avoid springing this tube. Check 
the diameter of the holes in the flanges. Before re-assembling the engine 
make sure the holes for the studs arc %i>-incli diameter. This diametci 
hole allows for more expansion of the crankcase without putting the 01 
tube in tension. 

Connecting Rod Assemblies — The connecting rod assemblies should 1 
removed next. After the caps are taken off the assembly may be remove' 
through the cylinder hole in the crankcase deck in which the master ro 
is located. All parts of the connecting rod assembly except the wristpin- 
are numbered. 
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Main Bearing Caps. — The main hearing caps should be loosened by 
tapping the keyway side with a rawhide mallet. Remove the caps and take 
the crankshaft from the engine, taking care not to hit the shaft journals 
against the studs. The thrust bearing should not be removed unless it is 
to be replaced by another. Examine the crankshaft very closely for 
grooves, scratches and loose oil tubes. Remove the crankshaft plugs. Clean the 
trankshaft assembly thoroughly. 

Camshaft Assemblies. — The camshaft and bearings will come off as a 
unit. Care must be taken to keep the cam followers from being mixed up, 
in order to reduce the work of re-adjusting the tappet clearance. It is 
recommended that the be\el gears on the exhaust camshafts be undisturbed 
unless it becomes necessary to change a gear of the timing. 

Valves. — ■'Test the valves with gasoline to see whether or not they need 
grinding. 'The valve springs mav be depressed with the valve tool furnished 
m the tool kit. After the locking pin for the cone nut is removed the cone 
may be unscrewed and the springs taken off. The small spring locking 
ling must be removed from its groove before the valve can be removed. 
'The valves are numbered just below the threads on the side of the stem 
and correspond to numbers stamped on the cylinder head next to the valve 
stem guides. Do not grind the valves unless they need it. The valves 
should be cleaned, both heads and stems needing this attention. 

Overhaul and Assembly. — The overhaul should be carried out on one 
complete assembly at a time. All parts must be clean before assembling 
or adjusting. Keep all parts from rusting. Do not use brass or copper 
locking wire. Use soft iron wire, the largest diameter than can he used. 
Never use any cotter pins that have been bent, then straightened and bent 
again. Always use new cotter pins. Keep the engine “closed” as much 
as possible when working on it. “Closed” means all covers such as gear- 
case covers in place if they do not interfere with the work. Cover all 
openings with clean cloth where foreign matter may enter the engine. To 
do so may save considerable disassembling to remove some part dropped 
into the engine by accident. l>e sure to remove all burrs. Use a rawhide 
or rubber hammer for rapping parts that would he damaged by' a metal 
hammer. 

If possible, during overhaul the engine should be mounted on a rotat- 
ing stand. The order in which t lie assemblies are referred to is the order 
ni which the assembly of the engine is carried out at the Curtiss factory. 

1 se new gaskets wherever they are needed. 

Top or Partial Overhaul. — If the engine is merely' to have a “top” or 
partial overhaul follow the directions given in the section dealing with a 
oinplete overhaul. Do not disassemble more of the engine than is abso- 
utely necessary. Such practices as grinding valves without removing the 
Winder block are not recommended. 

Complete Overhaul, Crankcase — The crankcase should he washed 
lioroughly with gasoline, particularly in all corners and pockets in the 
asting. If a compressed air and gasoline spray is available it provides an 
xcellent means of cleaning. After cleaning, the case should be dried, 
referably by an air blast. Examine the casting thoroughly for cracks at 
11 studs, webs and keywav s. Examine each hearing shell closely for 
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Fig. 681. — Markings for Timing Gear Train of Curtiss D12 Aviation Engines. 
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loose screws. If any screws are loose tighten them. Do not loosen any 
tight screws unless the bearing shell is to be removed for replacement. 
Mote the condition of the bearing metal. If the bearings are in good 
condition do not touch them. Do not scrape or burnish them. Measure 
them to determine whether they are “out of round” or worn. To measure 
them assemble each cap on the crankcase. Be sure everything is clean and 
that the numbers on the bearing caps correspond to the numbers on the 
crankcase. Draw nuts up to the same tension as if the shaft was in the 
hearings. 



Fig. 682. — Method of Assembling Curtiss D12 Cylinder Blocks Horizontally. 


I he measurements should be taken by a person who is using the measur- 
ing tools constantly. Diameters should be taken to the nearest quarter 
musandth of an inch and recorded for each bearing. Do not measure 
toss the joint of the bearing and cap but take the measurements 
:> out one-quarter inch from the joint. Take at least four readings for each 
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bearing-, duplicate readings at right angles to each other. The bearings 
should be measured with a small inside micrometer or a pair of insid 
calipers and a micrometer caliper. If the diametrical clearance in aiv 
main bearing exceeds .005 inch that bearing should be replaced. Do nc - 
replace, scrape or burnish any bearing that does not have to be replaced 



Fig. 683. — Fixture for Supporting Crankcase of Curtiss D12 Engine for Boring Main 

Bearings. 


If any or all the bearing shells are to be replaced, the C urtiss 4,205-T2T 
fly cutting boring bar assembly should be used for finishing the new bear- 
ings to size as shown at big. 683. Reaming of bearings is not recom- 
mended as this method is too inaccurate. Remove all bearing shells that 
arc to be replaced. Re careful to avoid damaging the slots in the screws. 
The new shells should lie numbered corresponding to the numbers stamped 
in the crankcase and the caps in the same manner as the old shells were 
marked. Be sure that the crankcase half of main bearing shell No. 1 has 
a hole at the top center. If this bearing shell (C-5,145) does not have a 
hole as described the oil flow to the camshafts will be cut off. A complete 
set of bearing shells comprises eight C-5.145, six C-5,146, one C-5,151, and 
one C-5,152 shells. The only difference between C-5, 145 and C-5,146 is 
that there is an oil hole drilled at the center of C-5.145. Each hearing shell 
and its seat should be well cleaned. Put all the new shells except those 
for bearing No. 1 and No. 8 in place. The scats and caps for these l\\" 
bearings are to be used for piloting the C-4,205-T2*> tool and should nm 
have the hearing shells in place. The damp may then be removed. 

Each hearing should he fitted so that when the cap is held in place b} 
hand a clearance of .003 inch to .007 inch should exist between the bearing 
cap and the crankcase web. This gives a clamping fit to insure that tlm 
bearing shells are tight against their seats. It is well to have the cleanin' 
or “draw” as large as the limits allow. File the ends of the bearing shelf 
until the clearances are right. The assembly should be cleaned and tl< 
caps tightened down. All bearings except No. 1 and No. 8 should be cut t 
size first. Each bearing should be cut with a boring bar assembly « ! 
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illustrated. This boring bar and its operating mechanism is placed on 
the crankcase according to the blueprint ( U-4,205-T2 1 )) furnished by the 
makers on request. Use the blueprint. One bearing only is cut to about 
.0002 inch below the size desired with the cutter and then is burnished to 
size with the burnishing tool. After boring all except No. 1 and No. 8 
remove the boring bar (not its attachments) and put the shells for No. 1 
and No. 8 in place. Replace the boring bar and cut No. 1 and No. 8, 
piloting from No. 2 and No. 7 holes and oil holes. Wash the assembly 
thoroughly with gasoline. Be sure that the oil passages to the bearings 
and from No. 1 bearings to the camshafts are clean. Pay particular atten- 
tion to cleaning the pocket just above the thrust bearing of any accumula- 
tion of chips. 

Crankshaft Assembly. — Remove the crankshaft oil retaining plugs, 
wash and dry the crankshaft and replace the crankshaft plugs in their 
original places. The propeller thrust ball bearing should be first washed 
with kerosene and dried with compressed air, although the air should not 
be blown at too high a rate on the ball retainer as it tends to drive dirt 
between the retainer and the balls. The bearings should then be carefullv 
examined lor defects in the outer and inner races, in the balls and retaining 
cage or retainer. If there are any defects such as pitted hearing surfaces, 
cracks or rust, the bearing should be rejected. If the visual inspection 
"hows no defects the hearing should he lubricated with a light grade 
cylinder oil, alter which it should he spun by hand to test it for noise. If 
the hearing runs smooth and approximately as quiet as a new hearing it 
is satisfactory for use. 

The end plav m the bearing should be checked taking care that there 
is no lost motion in the mounting of the dial indicator in order that a 
thorough reading of the end play can he obtained. It is preferable to 
mount the indicator on one race checking the motion of the other race. 
The actual end play should he determined and not the play resulting from 
twisting the inner race relative to the outer. If the end play exceeds 
B25 inch the hearing should he rejected. The allow able end play on a new' 
hearing is .010 inch. Inspection of this bearing can he made when it is 
mounted on the crankshaft. 

When assembling a new' bearing on the crankshaft heat it to a maximum 
' d approximately dOO degrees Fahrenheit, in hot oil putting it in place on the 
( <>ld shaft quickly. This method prevents any possible injury to the 
bearing which might he caused by driving it in place cold. Never drive 
against the bearing races with a steel drift or hammer. 

Measure all journals and crankpins measuring to the nearest quarter 
diousandth of an inch. Record these measurements along with those 
•f the main hearings for reference to determine the clearances. If there are 
■my oil tubes loose they should be spun in tight with a C-4.215XT-2 tool 
m an electric drill. Use cylinder oil for lubricant. When ready to assemble 
he crankshaft in the crankcase all bearings and journals should be w r ell 
ubrieated with oil such as is used in service and the shaft placed in the 
1 'tarings. Be sure that the oil and bearing surfaces are clean. Do not try 
> force the shaft into the bearings before assembling the bearing caps. 
' )f > not try to turn the shaft before tightening the bearing caps. By plac- 
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ing the bearing caps in position and tightening them down gradually the 
shaft will assume its proper position. Be sure the nuts are pulled up tight 
but do not force them too tight. Cotter pins should fit tight in the holes 
and should ha\e the ends spread so that the cotter pin is tight enough not 
to shake. Re sure all slotted or castle nuts are cotter pinned. 

Pistons and Piston Rings. — Remove the carbon from each piston head 
and the piston ring groove, being careful to avoid scratching the piston, 
especially in the ring groove. To clean out the ring groove use a tool 
that has the corner rounded to conform to the fillet at the bottom of the 
groove. The piston should have no rough spots on it. and if any appeal 
stone them smooth with a fine grit oil stone. See that oil holes are clean 

The piston rings should be tested for gap clearance. After removing 
the rings place the piston in the cylinder and place the ring in the c\ Under 
using the piston to line the ring up square \\ ith the bore. Measure the 
gap with a feeler gauge. If the gap is more than .020 inch the ring should 
he replaced. New rings should have a gap of .007 inch to .009 inch. Pis- 
ton pins should not be “out of round” more than .001 inch, and should he 
an easy hand push fit in each respective position after any carbon that may 
he in the piston pin hearing is removed. 

Connecting Rod Assemblies. — If the engine has the old style master 
rod with the split boss for the ^-incli diameter wristpin locking bolt, the lock- 
ing holts should he mutilated and scrapped at every overhaul and new 
locking bolts put in the rods. Jf the locking holts are only inch diam- 
eter, ream out the hole in the boss ol the master rod to .3750 + or — 
.0005 inch for the inch diameter (nominal) bolts. Put in new 4* inch 
locking bolts. Clean and examine the connecting rod assemblies. If the 
appearance of the hearings is good, assemble the bearing caps on the rods 
and measure the hearings. Record the measurements and compare with 
the crankpin dimensions. The average diametrical clearance should not 
be greater than .0045 inches. If necessary to replace any hearing shells 
the old shells may be removed by cutting off the outside end of the brass 
rivets. Remove the rivets and the shells can then he removed. New 
shells should he clamped in the rod by means of a C -9,225-4' I clamp or 
similar tool and rivet holes bored with a No. IT (wire gauge) drill. The 
X2.487-EJ tool is used to countersink each hole \\ inch below the rough 
babbitt surface for the head of the rivet. Jf a riveting fixture (C- 1.252 
T-10) is not at hand the clamp should be left on and the brass rivets set 
solidly. The shell is assembled in the cap by the same method. 

The clearance or “draw” between the master rod and its cap should he 
.003 inch to .006 inch. To fit to this clearance the cap should he held 1>\ 
hand on the master rod. Be sure the cap is in its proper position, that 
is, the bolt holes should he in line and the cap in its marked relation to the 
rod. Determine the clearance with a “feeler” gauge. The surfaces of the 
bearing shells that are in contact should be straight and square. Test tin- 
surface with prussian blue or a similar compound. The bearing cap mus* 
not rock. If the hearing has the same clearance at the four bolt holes an<' 
the clearance is greater at the center it will fit properly, but if the clearanu 
at the center is less than that at the holt holes the hearing cap will he strains. 
To obtain the correct clearance a “second cut” file ^ inch to J/j inch wid* 
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is recommended for filing the ends of the hearing shells. Do not file all the 
metal that is to be removed. Finish the last .0005 inch or .001 inch by 
rubbing the cap on a sheet of fine emery cloth which is supported by a 
surface plate. This will give a good surface to the ends of the taring 
shell. Wash the parts thoroughly. 



Fig. 684. — Fixture for Boring Connecting Rod Bearings of Curtiss D12 Engine. 

This ‘ ‘draw” causes the bearing shells to fit very tight in the rod when 
die cap is assembled. Assemble the rod for boring the bearing. Each 
hearing should be bored out in a jig or fixture similar to C-1.252T-4 shown 
at Fig. 684 to .002 inch to .0025 inch of the crankpin. A tlycutter should 
he used to cut the bearing to a diameter about .0002 inch less than the 
finished diameter. The bearings should then lie burnished to the desired 
size. Reaming the bearings is Not Recommended. 

The piston pins should be an easy push fit in the piston pin bushings. 
If necessary to renew the bushings the old ones should be pressed out 
and new ones pressed in. The two oil holes should be drilled with a 
inch drill. Remove the burr. The bushings should be ground out in 
a fixture similar to C-1,252-T1 at Fig. 685 to gi\e a clearance of .0005 inch 
•" .0020 inch on the piston pin. 

The wristpins at the lower end of the articulated rod should be ex- 
amined for loose oil tubes and for wear. If the wristpui clearance exceeds 
'KI4 inch, the bushings should be replaced. The normal clearance is .0000 
nch to .0015 inch. If it is necessary to fit new wristpin bushings the old 
ne should be removed as follows: — Form a spacer to fit snug between 
fie forked ends. 'This spacer is easily made from a piece of 1 ■)« inch l.D. 
■v about .085 inch steel tubing. Cut the tubing off square just a trifle over 
oc inch in length and dress it down square until it just fits into the 
'‘fked end, between the steel ends. Cut about one-third the ring of tub- 
T? out and use it as shown in Fig. 686 A as a spacer 1o prevent springing 
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the rod while pushing the bushings out. 

When a new bushing is about l /% inch from seating, a small scraper 
should be used to remove the burr under the shoulder. After thoroughly 
cleaning out under the shoulder, the bushing should be pressed in the 
remainder of the distance as shown at Fig. 686 lb These bushings shouh 1 
be ground to give the correct clearance on the wristpin (.0000 inch to 
.0015 inch). A fixture similar to that shown at Fig. 684 should be used to 
make sure that the A\rist and piston pin holes ale at right angles with the 
center line of the rod, using mandrels of the proper size at upper and 



Fig. 685.— Jig for Supporting Curtiss D12 Master Rod when Grinding Piston Pin 

Bushing. 

lower bearings. When all parts are correct the rods should be assembled 
The bearings should be free enough so that the short rod will fall easih 
by its own weight. All corresponding parts except the wristpins and bolt?* 
are numbered. The locking holts for the wristpins should be tight and 
the nuts cottered. The bolt goes in the rod with the nut down. 

Oil the connecting rod bearings and the crankpins. Assemble the con- 
necting rod assemblies on the crankshaft. The short rod should he put 
through the hole in the deck (top of crankcase) first, with the master 
rod following. Then the short rod can be mo\ed under the crankshaft am! 
placed in the opposite deck hole, (Fig. 687). Re careful to avoid scratch- 
ing the crankpins. Bring the bearing up to the crankpin and put the cap 
over the bolts. Put on the nuts and draw the bearing together gradual!' 
and evenly. When ready to run the master rod should be on the left haw 1 
side of the engine. Be sure all nuts are cotter pinned. See that the ?otte T 
pins cannot move. Assemble the main oil tube on the main bearing cap- 
Do not force it. Use new gaskets if necessary. Cotter pin all nuts am 
bend the pins so that they cannot move. 




CURTISS D12 OIL PUMP 


1421 


Oil Pump Assembly. — The oil pump assembly should be taken apart and 
cleaned thoroughly with gasoline. First, remove the pressure pump cover. 
There is a small locking ring on the end of the pump shaft and the gear 
cannot be removed until the lock ring is taken off. Re very careful not 
to lose this lock ring. The idler shaft may be lifted out and the idler 
and drive gears removed. After the drive gear is removed a slot may be 
seen where the pump shaft passes through the housing. Do not try to 
drive the pump assembly apart. Turn the pump shaft until the key lines 



f ig. 686. — Method of Removing and Assembling Wristpin Bushing from Lower on 
Yoke End of Link Rod of Curtiss D12 Engine. 

P W1 th the slot. Then the pressure pump housing may be slipped off 
ver the pump shaft. The other gears and housings may be removed in 
- similar mariner. Do not remove the main drive gear from the pump shaft 
nless a new one is to be assembled. See that the cotter pin is tight. 
' )l ^ pump parts show very little wear as a rule. 

Inspect all parts as they are removed and clean them thoroughly. If no 
;irts need replacing (due to wear or interference) the pumps may be 
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re-assembled. All gears and housings will fit together only one way. The 
housings are correctly located by dowel pins. Do not use any oil when 
assembling the oil pumps. Put the bolts through the top housing with the 
heads at the pump drive gear end. Put the driveshaft through the screen 
and the top housing and assemble the gears so that the numbers on the 
housings and the gears correspond. Put the idler shaft in place and slip 
on the center housing and assemble its gears. 

The pressure pump should be assembled next. Do not forget to put the 
lock ring on the driveshaft. Put the pressure pump cover on and assemble 
the nuts on the holts. Draw all nuts up snug and turn the shaft with the 
fingers. It should turn easily. If the shaft cannot he spun the housings 
may he shifted slightly by holding the pump assembly iti one hand and 
tapping the various housings with a rawhide hammer until everything is 
free. Then tighten up the nuts and cotter pin them. After determining 
that the pump runs freely by making the above adjustments, oil the pres- 
sure and scavenger pumps, and wrap the assembly in paper or cloth so 
that no dirt can enter. 

The oil pan should be cleaned thoroughly. 1’c sure the studs and nuts 
(or screws) in the oil pump idler gear are securely locked. Jf the engine 
is one of the earlier D12’s it is recommended that the new stud assembly 
he put in place of the cap screws of the idler gear. Assemble the oil pump 
assembly on the oil pan. This assembly will fit only one way due to one 
stud being unequally spaced with the others. The oil pan may now be 
assembled on the crankcase. Put on the oil tube from the pressure pump 
to the crankcase. Turn the engine right side up as it is now ready for the 
cylinder assemblies. Jf the cylinder blocks are not ready be sure to cover 
the assembled case so that no dirt can enter through the holes in the decks. 

Cylinder Blocks. — The cylinder blocks should have the carbon re- 
moved and should he washed. Look at the cylinders to sec if any of them 
are scored or otherwise marred. Jf any cylinders are rough they should 
he lapped smooth. If necessary to grind the valves. Clover Compound 
grade A is recommended for use. J*e sure all compound is washed out 
after grinding. Should the valve seats need recutting the work should he 
done with a C-4.15 l )-T13 cutter assembly. The valves should he ground 
to an angle of 45 degrees. Cut the valve as little as possible. Use the 
tool furnished in the tool kit for grinding the valves. The valves should 
lie gasoline tight in three positions after being ground. After cleaning, 
assemble the valves and valve springs. A special valve spring depressing 
tool as shown at Fig. 688 will facilitate the process. Assemble the lock 
rings on the valve steins. The split cone nut should he screwed on the 
stem until the top edge of the valve spring washer is 1 inches from 
the top machined surface of the cylinder head. Jf any of the cam follower^ 
have the split ends or the locking screws bent replace with ones that a re 
in good condition. Assemble the cam followers in their proper positions. 

Oil the cylinder walls with clean engine oil immediately after cleaning 
Be sure that both lock rings for each piston are in their respective groove 
using the double tubular tool provided in the tool kit. The double tubnl.r 
tool is used as follows for inserting the piston pin locking rings in tk 
pistons. .Slip the ring into the larger sleeve and then put the smaller slee\' 
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into the larger opposite the bevelled end. Place the bevelled end of the 
larger in the piston pin hole and give the inner sleeve a sharp rap, driving 
it into the piston pm hole with the lock ring ahead of it. 'The lock 
ring will snap into place in its groove. 

If a number of mechanics are available the cylinder blocks are easily 
assembled by setting the crankcase so that the cylinders may be held 
horizontal and slipped on over the pistons, (Fig. 682). Oil the pistons 
and clamp the piston rings of pistons 3L and 4L with the brass clamps 
t C-4,285). Turn the crankshaft until the above pistons are nearly at the 
lop of the stroke. Now the cylinders may be slipped o\er pistons 3L and 
4L until the piston rings are all in the cylinders. Then remove the C-4,285 
(lamps and use them for clamping the rings of pistons 2L and 5L. If 
these pistons do not take a position far enough beyond 1L and 6L to allow 
the rings to enter before the latter pistons are ready to enter their respective 
cylinders the crankshaft should be turned slightK to remedy this condition. 
The cylinders should he slipped over pistons 2L and 5L until the rings are 
m the cylinders at this point. Clam]) the rings oil 1L and 6L and push 
the cylinders on. Remove the clamps and slip the cylinder block down over 
the studs. Put at least four nuts with lock and flat washers on the studs 
so that the cylinder assembly cannot move. 

If but two mechanics are available the cylinder blocks should be as- 
sembled by using chain falls. Do not assemble the pistons on the short 
rods until the L.IT. block is assembled on the engine. The chain falls should 
he used to hold the cylinders in place rather than to lower them. Turn the 
crankcase so that the L II. deck is horizontal. Turn the crankshaft until 
pistons 3L and 4L arc about three-fourths the way up. Lower the cylinder 
blocks until the ends of the sleeve nearly touch the pistons. One mechanic 
diould guide the pistons while the other turns the crankshaft. This will 
push pistons 3L and 4L into the sleeves until the rings are ill the cylinders. 
Similarly, lower the cylinder block over the other pistons and turn the 
engine upright. The pistons should be assembled on the short rods and 
the R.IT. block put on the engine. Be sure the lock rings are all in the 
pistons. 

It is recommended that the following procedure he carried out in 
tightening the cylinder hold-down nuts. Tighten the nuts on the end 
Muds (long ones) in the Vee and then tighten the corresponding nuts on 
die outside of the block. This will draw the cylinder block down evenly. 
1'urn the engine so that the same procedure can be carried out with 
die R.J I. block. Tighten all cylinder hold-dow n nuts evenly. 

Put the intake sparkplugs in tight. Put on the oil tube that supplies 
die camshaft bearings and lock the cap screws with locking wire (.042 
’’eh diameter soft iron wire No. 10 B. W. Ga.). Cover the intake “L” 
manifolds so that no dirt or foreign matter can enter the engine. 

Carburetion Assembly. — The carburelioti assembly should not be coin- 
! etely disassembled unless the carburetors have been causing faulty opera- 
m. A bench check is sufficient if the carburetors have been functioning 
1 Trectly. This should be carried out as described in the chapter dealing 
>th Stromberg carburetors. To re-assemble the carburetors assemble the 
V” pipes and other equipment to complete the carburetion assembly as it 
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was when removed from the engine. Leave the screws or nuts fastening 
the Y” pipes to the carburetors loose. Uncover the intake “L” main 
folds. Be sure the manifolds are clean, then fasten the carburetion assein 
bly in place. Be careful to avoid springing any parts. Cox er all opening, 
where dirt can enter. Tighten the cap screw or nuts holding the carhurc 
tors to the “V” pipes. 

Gearcase Assembly. — Remove the water pump and take off the punij 
cover. If there is no clearance between the cox er and the impeller tin- 
parts will show evidence of rubbing. The clearance should’ he not les- 
than .015 inch. See that the impeller is tight on its shaft. The shaft should 
have .003 inch to .006 inch end play in the housing. To remove the pump 
shaft it is necessary to remove the taper pin holding the dural collar just 
above the ball bearing. Be sure to note which way the collar was as- 
sembled. There is a center punch mark on the shaft and another on the 
dural collar. 1 he mark on the collar is aboxe the hole for the taper pm 
and is just below the mark on the shaft. Kcmoxe the screw holding the 
packing gland nut locking device. Take oif the locking device and back 
off the gland nuts to relieve the packing pressure from the shaft. 



Fig. 687. — Assembling Connecting Rods to Crankshaft of Curtiss D12 Aviation Engine 

The shaft and impeller should be removed as a unit. Do not try 1 « * 
remove the impeller from its shaft. The shaft and impeller may be driven 
out by tapping the shaft lightly with a rawhide hammer, holding the 
housing in one hand. Clean and inspect all parts and if there are no 
replacements needed re-assemble them. Put the shaft in place. If tin 
packing glands need more packing simply add what is needed. Do n« 
remove the old packing. Lubricate it with cylinder oil before adding tin 
new packing. The new packing should be well oiled before being place* 
in the glands. Crandal Packing Company’s Style No. 142 is recommended 
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If there is not enough room for more than a few strands of the packing 
add only those strands. 

Assemble and pack the housing for the La 1 1 bearing. Tut the bearing 
in place and pin the collar to the shaft. Bend the cotter pin so that it 
umnot “shake.” Assemble the gland nut locking device. See that no 
parts interfere and assemble the cover. Lock the screws with wire. Each 
. amshaft driveshaft housing, camshaft driveshaft and its gears, and the 
pun control drive may be removed as a unit from the gearcase casting. 
Remove the covers from the gearcase. Check the end play of the upper 
and lower vertical shafts before removing the taper pins. The end play 
of the upper vertical shaft is set between .007 inch and .010 inch when the 
engine is built. That of the lower shaft is set between .006 inch and .014 
inch. If the adjustment of the gears is not seriously altered by their being 
more than the specified end play there is no need of replacing the bushings. 

' The proper adjustment of the gears is treated separately.) A diametrical 
clearance greater than .006 inch is sufficient cause for replacing the bushings. 

The nut on the end of each shaft has a small file mark to denote which 
wav the nut should go on the shaft. The vertical shafts are removed by 
removing the taper pins and unscrew ing the plain nuts. 'There is no need 
of removing the upper gear or the ball bearing of the upper vertical shaft 
unless the gears are to be readjusted Be careful to keep the gear, shim, 
pm and nut with its proper shaft. 'Phis will facilitate re-assembly. Clean 
and inspect all parts. 

If it becomes necessary to replace a bushing for either of the vertical 
shafts the locking pin in the gearcase must be drilled out and the bushing 
dinen out. A new bushing (C-4,0 ( H) should be driven in by means of a 
mandrel and pinned in place. 'The bushing may be reamed to size piloting 
Horn the other bushings. While reaming, the gearcase should be fastened 
to a surface plate, with the starter deck up. 'The bushing should be faced 
off wutli a C-6.029-T1 tool until the proper end play for the shaft is obtained. 

I he shaft must be assembled using the same slums and gears before ad- 
apting the end play. 'There is no need of readjusting the gears unless a 
new gear is to be fitted or excessive backlash exists, (.025 inch) being 
« onsidered too much. Unless the gears are to be readjusted or replaced 
thev should not be removed from the camshaft driveshafts. If the gun 
1 "iitrol drive assembly is removed all gears and bearings may be inspected 
without further disassembling. 

The magneto coupling assemblies should be removed. Unless there is 
uidial play or a great amount of end play in the ball bearings there is no 

> ecessity for taking the assembly apart as the condition of the assembly 
( Mn be determined by feeling for lost motion. It* the gear needs replacement 
die assembly must be taken apart. Grip the gear in a vise with .soft 

> ws and remove the nut and lock washer from the upper end. Then 
move the housing from the gear. One ball bearing is held in the housing 
id the other is on the gearshaft. Between the bearings are one or two 
l iims. 

If the bearing must be removed from the housing the retaining ring 
>ust be removed first. Use a tool with a rounded point. Push one end 
1 the ring from its groove by inserting the tool in the hole provided and 
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forcing the ring out. The ring may then be removed by gripping the er- : 
with a pair of pliers and turning the ring so as to make its diameter smalln. 
Do not forget to replace the ring when assembling. To re-assemble tlw 
magneto colliding assemblies, place the lower bearing on the gearshafi 
Then put the shims in place and assemble the housing and its bearing 
over the shaft. Oil the bearings with cylinder oil. The splined coupling 
goes on next. Be sure the etched marks line up. Then place three shim* 
of .003 inch material at equal distances around the coupling between it ami 
the aluminum housing. Put on the washers and the nut and tighten. Re- 
move the .003 inch shims and try the assembly. See that it rotates freeh 
and smoothly. 

The gun control drives should have no radial play in the bearings 
There should be not less than .005 inch clearance between the top of tin- 
housing and the flange on the gun control shaft. The end play (in ilu* 
housing) of the gun control shaft and bearings should not be greater than 
.004 inch or less than .001 inch. The shaft should rotate smoothly and 
easily. See that the cotter pin is tight. Should it become necessary to take 
the gun control drive apart remove the taper pin and unscrew the nut. 
Hold the upper end of the shaft in a vise with soft jaws while removing 
the nut. Remove the gear, ball bearing and shims. Do not remove the 
ball bearing from the housing except for replacement. To remove the 
bearing from the housing the retaining ring must be removed before 
bearing can be taken out. Remove the ring as described in the section 
concerning the disassembly of the magneto coupling assemblies. Keep 
the parts of each gun control drive together and do not get them mixed 
with any other. Keep all parts clean. 

A new bearing in the housing should have end play in the housing 
of not less than .001 inch nor more than .004 inch. Be sure to put the retain- 
ing ring back in place. It is recommended that one end of the ring should 
be not more than one-half an inch from the hole in the housing. Assemble 
the parts on the gun control shaft as they were before removal. Oil the 
bearings. The shims should be between the bearings. Mesh the marked 
splines. Tighten the nuts and drive in the taper pin if it is in good condi- 
tion. If it is not, fit a new one. Sec that the cotter pin is tight enough 
so that it cannot “shake.” Keep all assembled units clean. Cover them 
up so no dust or dirt can enter. 

The camshaft driveshaft is located by the housing that contains the 
ball bearing. Do not remove the upper gear unless a new one is to be 
substituted or a readjustment made between it and the camshaft bevel 
gear. Its condition and that of the bearing can be determined without 
removing them from the shaft. Remove the taper pin and take the nut 
off the lower end of the shaft. The gear can then be taken off the spline 
There is a shim between the gear and the bearing. Keep this shim with 
the gear. The housing containing the bearings may be removed aftci 
loosening the packing gland. There is another shim between the bearing 
and a shoulder on the shaft. This shim controls the adjustment of tin* 
gun control drive gears. Mark it and keep it with its proper shaft. ID 
shaft can now be taken out of the housing. 

The lower ball bearing should not be removed from its housing excep 1 - 
for replacement. The retaining ring is similar to that of the magnet 
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coupling drive housing and should be removed and replaced similarly. 
There should he not less than .001 inch and not more than .010 inch end 
play of the hearings in the housing. To re-assemhle, place the shaft in the 
housing. Put the correct shim on the shoulder of the shaft and slip the 
bearing housing over the shaft. Oil the bearing and place the gear and 
its shim in place. Be sure the marked splines mesh. "Tighten the nut 
and put in the taper pin . Do not use any taper pins that seem liable to 
break at the cotter pin hole. Sec that the cotter pin is tight. Assemble the 
upper vertical shaft in the gcarcase, using the shim that was taken out 
unless a new gear or shaft is to be used. Oil the shaft and bushings. 

Put the 151-13 shim and the lower gear on, making sure the marked 
splines mesh, and tighten the nut. Line up the hole for the taper pin. 
Assemble the lower vertical shaft (pump driveshaft) the same way. On 
all models before the 1)1 2D the cover for the top of the gearcase should be 
put on to align the upper end of the shaft. On D12D engines and subse- 
quent models the steel liner should be placed in the upper opening of the 
gcarcase. To try the gears place the crankshaft gear in place. See that 
the marked splines are meshed. Mark the timing marks with a colored 
pencil. 

Put the gearcase on the engine. Make sure that the timing marks of 
the crankshaft. gear and the lower gear of the upper shaft line up according 
to Fig. 681. The gears should be clean and dry for testing and all oil should 
be washed off them. Fasten the gearcase to the engine by enough screws 
and nuts to hold it in its correct position. 

Turn the crankshaft a little at a time, and at each new position of 
the crankshaft lift on the upper shaft and try the backlash of the gears. 
This can be done easiest by placing two fingers at opposite sides of the 
lower gear of the shaft. The finger tips should rest on the gear teeth. Push 
the gear up against the bushing and rotate it back and forth. "The magni- 
tude of the backlash can be estimated by an experienced mechanic, or pref- 
erably by means of narrow feelers or a dial indicator. Test the backlash 
of the upper gear of the lower vertical shaft the same way. Hold the gear 
down against the bushing. Try the gears through two full turns of the 
crankshaft. Note how the back angles of the two gears line up. They 
should line up within inch. Both the upper and lower shafts should 
start to rotate at the same time. 

If these gears fit satisfactorily assemble the magneto coupling assemblies 
on the gearcase. Do not forget to have the timing marks lined up before 
assembling the magneto couplings to the gearcase. Mesh the marked teeth. 
Tighten the gearcase attaching cap screws. Hold the vertical shaft lower 
gear up against the flange of the lower bronze bushing and rotate each 
magneto coupling back and forth. Turn the crankshaft slightly and 
iry the coupling gears again. If both couplings are tested at the same 
‘iine one complete turn of the vertical shaft will determine whether or not 
'he backlash is satisfactory. 

The fit of the gears may be changed if necessary by changing the 
151-D shim under the lower gear of the vertical shaft and changing the 
hims in the magneto coupling drives. 

The backlash is set at .003 inch to .010 inch at the factory but as much 
■is .020 inch may be allowed. If the gears wear at a faster rate they should 
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be readjusted to have the backlash as originally specified. (.003 inch t 
.010 inch.) 

If the backlash is satisfactory and the back angles of the gears In . 
up within V<;*i inch, the screws that hold the coupling assemblies to tie 
gearcase should be locked with a soft iron locking wire. (.042 inch dian 
eter No. 19 BAV.G.) 

Turn the crankshaft so that all the timing marks line up according 
Fig. 681. Assemble the camshaft drivcshafts and their housings on tin 
gearcase. Use the gaskets where they belong. Be sine the marked teeth 
mesh. Fasten the upper end of each housing to the cylinder block. Chei 1 
the backlash of the lower gears of the camshaft driveshaft and the uppei 
gear of the vertical shaft. The backlash and the back angles should be a~ 
specified for the other gears. These gears are adjusted by changing the 
shims under the gears of the vertical shaft and the camshaft driveshafts. 

For purposes of illustration suppose the gear on the left hand canishaii 
driveshaft has too much backlash, and the back angles of that gear ami 
the upper gear of the vertical shaft do not line up within b, i inch with the 
gear of the vertical shaft too high. If there were only these two gears In 
be considered the backlash and back angles could be made satisfactory by 
merely placing a thinner slum under the gear of the vertical shaft. How- 
ever, suppose the fit between the gear of the right hand camshaft drive 
shaft and the gear of the vertical shaft is satisfactory, then lowering the 
center gear (on vertical shaft) will correct the fit between it and the left 
gear but will spoil the fit between the others. This is an extreme case and 
the only remedy is to low er the center gear a little and raise the right hand 
gear a little. It will probably make the fit a trifle loose and the back angles 
slightly off on both sides but this compromise will give satisfactory opera- 
tion. 

If the back angles of the center gear are high and both right and leii 
gears are loose, merely low ering the center gear will usually correct the 
backlash and back angle at the same time. If both side gears are tight and 
their back angles drop below that of the center gear the fit may be made 
satisfactory by placing a thinner shim under each side gear. Be sure that 
the vertical shaft is held up against the ilange of the bronze bushing when 
testing the backlash and back angle of all gears. This is the position in 
which the shaft runs due to the thrust of the gears. 

Remove the plug from the camshaft driveshaft housing at the gun 
control drive. Put the gun control drive in its proper place and tighten it 
down. Use the gasket. Test these gears as the others were tested. 1 he 
back angle may be viewed through the hole in the housing. These gear-, 
are adjusted by moving the large one up or down by changing the shitm 
in the gun control drive and by moving the camshaft driveshaft up oi 
down, by changing the shim between the lower ball bearing and the slioiil 
der on the shaft. Changing the latter does not alter the fit between tf)' 1 
lower gear and the gear on the vertical shaft, provided the shim bctweei 
the low r er gear and the bearing is not changed. It docs alter the relal i** 1 
between the hole for the taper pin and the castellation of the nut. 

As soon as the gears treated to this point arc fitted satisfactorily th' 
shafts may be “pinned up/* If the holes for the taper pins do not line u, 
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on account of changing shims, or the pins do not line up with the castel- 
iation, they may be made to, by filing the “clamping” side of the nut. Be sure 
the filed surface is flat and at right angles to the longitudinal axis of the 
thread. This will avoid a cramping action. Oil all bearings. Tighten the 
nuts. Put the taper pins in and cotter them so that the cotter pins cannot 
“shake.” Be sure all parts are clean. Be sure that the etched splines arc 
meshed and that the timing marks agree with Fig. 681. 

It is advisable to remove the gearcase from the engine for assembling. 
\fter the parts are assembled lay the gearcase down so that oil may be 
put in the hole leading to the bushings for the upper vertical shaft. Put 
. 1 ^ much oil as possible in this recess. Assemble the gearcase on the en- 
gine, but do not lock the cap screws. Be sure that the timing marks agree 
with Fig. 081. Use the same gaskets that were used while making adjust- 
ments. Usually there will be no need of making adjustments in the gear- 
ense and the fits need only to be checked before putting the taper pins 
through the nuts and shafts. Wash the camshaft assemblies. 


Ol!>'nPf \ A I V I M'KINC. Ilf l*Kf *> 'lv. !<*<*» iVL’ sf 



Fig. 688. — Side and Front Views of Old Type Valve Spring Depressing Tool in Use 
on Curtiss D12 Motor. Plunger Clamps Valve Stem, Body Pushes Down Against 
Valve Spring Retention Collar. 

All engines after No. 445 and those overhauled at the Curtiss plant 
ince February 15, 19 27 , have the following marks in addition to the prick- 
:Hinch mark on the gears of the camshaft : — The rear rib of No. 1 camshaft 
hearing has two arrows stamped on the top. When the engine is timed 
'Erectly and in firing position on cylinder No. 1L, these arrows and the 
' tclied arrow's on the camshaft flanges should lie in line. 

Remove the center nuts, take the camshaft hearing caps ofif and remove 
die camshafts. The camshaft hearings should he wiped out and inspected, 
hxamine all camshaft bearings thoroughly for cracks. Recondition or 
’ eplace any bearings that are not in first class condition, and w ash up the 
amshaft and replace in the bearings. Use plenty of oil. Check the mesh 
the marked teeth by comparing the marks on the flanges and the bear- 
ng caps. Assemble the camshaft bearing caps. Put on the small nuts 
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and washers. Assemble the shafts and bearings on the head, drawing thr 
nuts down evenly. Use oil on the threads to prevent seizing the nuts. J* 
the bearings arc not drawn down evenly the dowel pins may not enter the 
holes in the bearing “feet” and further tightening of the nuts is liable to 
crack the bearing. Be sure to cotter pin all nuts. Tighten the cotters 
that they cannot “shake.” The timing marks on the bevel gears miisi 
mesh according to the diagram. 

The tappets should be adjusted (with the cams in an upright position) 
to give a clearance of .014 inch to .016 inch and the valves should be syn- 
chronized, that is, both should open and close at the same time. To set 
the clearances, the lock screws should be loosened and the screws that fit 
over the ends of the val\ c stems adjusted until the desired clearance is 
obtained. The synchronization can be obtained by putting a finger tip 
between each valve spring retaining washer and the cam follower and 
forcing the cam follower down slightly, by prying with a thin bladed screw- 
driver between the cam follower and the camshaft. There should be no 
lost motion between the valve washer and the cam followers when prop- 
erly synchronized. Both valves must open at the same time. When the 
clearance is correct and the valves are synchronized tighten the locking 
screws and recheck the clearance and synchronization. If the bevel gears 
were removed put each be\ el gear back on its own camshaft using the same 
shim that was taken off. Make sure that the timing marks are in alignment 

Check the backlash between the bevel gears. Use the bronze hook 
wrench. Hold the small gear and turn the large one back and forth for 
each position of the crankshaft to determine the backlash. Be sure the 
gears are tested through one full revolution of each camshaft. The align- 
ment of the back angle can be easily seen. If it becomes necessary to 
change the adjustment of the bevel gears the easiest way to adjust them 
is to take the nut off the upper end of the camshaft driveshaft, then loosen 
the gcarcase enough so that the gear can be taken off. Put a thicker shim 
under the gear if there is too much backlash or a thinner one if there is 
too little. Replace the gearcase and tighten the nut on the upper end of 
the camshaft driveshaft. Try the gears. If the backlash and back angle 
are satisfactory, replace the taper pin. Sec that the cotter pin is tight. Be 
, sure the timing marks line up correctly. 

Checking D12 Timing. — The engine will be timed correctly if the tim- 
ing marks line up according to Fig. 681, but the timing should be checked. 
First, it is necessary' to find the top dead center of piston 1L (one left) 
by “tramming.” This can be done by using a device similar to that shown 
in Fig. 689 A or some similar device. A timing dial should be fastened to 
the propeller shaft. Set the pointer to any one position and turn the shaft 
until the lamp indicates that the circuit is closed. Note the reading of the 
dial. Turn the engine slowly in the same direction (direction of rotation) 
until the light goes out. Note the reading on the dial. The top dead center 
is half way between these two readings. Turn the engine in the direction 
of rotation to half way between the two readings. Then shift the point*’, 
to read zero on the dial. Check as before and see that the lamp light 
the same number of degrees before top center as it goes out after top 
center. Turn the crankshaft until the timing marks line up. These mark:- 
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.should line up, or agree with Fig. 681 when the piston is 32 degrees before 
top center. There is only one stroke in which all the timing marks line up. 

Turn each magneto shaft so that the marks on the distributor gear and 
its housing line up. Then put the magneto on the engine. Be sure the 
marked ends of the couplings line up. The stamped arrows should line 
up with the line scribed on the gearcase and the marks on the distributor 
oears and housing should line up. 



Fig. 689. — Indicator for Finding Top Dead Center of Curtiss D12 Engine Shown at A. 
B — Method of Using Lamp and Dry Cell in Circuit with Indicator. C — Data for 

Timing D12 Engine. 

Check the magneto timing m the following manner. For Scintilla 
AG-12D magnetos. Remove breaker assembly from the left hand magneto 
and put a thin piece of fiber or other nonconducting material over the 
contact back of the upper part of the breaker assembly. (Fig. 690 A.) Put 
the assembly back in place and connect a flashlight lamp and dry cell in 
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series with the breaker points, that is, ground one wire and connect tli* 
other to the fixed breaker point. Turn the crankshaft backward to abop 
40 degrees before top center. Turn the shaft in the direction of rotation jtp 
enough to make the lam]) go out. This should occur at 32 degrees E.T ( 
full advance. If it is necessary to change the magneto timing it can R 
done by removing the two bolts from the rim of the couplings and rotatin' 
the aluminum and steel parts with respect to each other. Put the bolt 
back in the two opposite holes that they will go in and tighten them up 
Check the timing. If it is correct put cotter pins in the bolts. The R 11 
magneto should lire four degrees before the L.ll. magneto. Remove tin 
fiber strips from the breaker assembly. 



f oNM ctions rou timinic. mac. nlios 


Fig. 690. — Connections for Timing Magnetos on D12 Engine. 

Turn the crankshaft in the direction of rotation until piston IE E mi 
T.D.C. Note the position of the cams for cylinder 11.. They should both 
point toward the other block of cylinders and their upper surfaces should 
be nearly parallel and almost parallel to the cylinder head. Ihis series 
as a check to determine whether or not the magneto fires during the correct 
stroke. For Splitdorf SS12 magnetos. Remove the primary lead (flexible 
wire in breaker assembly housing) and connect the breaker points in series 
with a flashlight lamp and a dry- cell, (Fig. 6 C X) 1>). C heck the timing .n- 
described for Scintilla magnetos' When the timing is correct reconnect the 

primary lead. _ 

To cheek the valve timing the following procedure is recommended. 
Turn the crankshaft until all the timing marks line up. Then continue 
to turn in the direction of rotation until the exhaust valves for cylinder 
1L are nearly ready to open. If there is only one mechanic, hold the 
valve spring retaining washer of one valve with the fingers of the righ 
hand exerting a rotative force on the washer. Use a long bar (about fom 
feet) in the left hand and rotate the shaft slowly just before the vah< 
opens. If there arc two mechanics one should turn the shaft and the othc 
should determine when the valves open. Record the dial reading, h' 
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instance S2]/ 2 degrees B.B.C. (before bottom center). The reading should 
he within three degrees of that stamped on the name plate. Usually the 
reading is about 52} j degrees B.B.C. 

Turn the crankshaft in the direction of normal engine rotation until 
i li e intake valve is nearly ready to open. I)rtcrmme its opening point as 
lor the exhaust valve and record the reading (live degrees B.T.C., etc.). 
Xext determine the closing point of the exhaust valve. To determine this 
lotate the valve spring retaining washer with the fingers and when the 
\alve closes, the mechanic can feel the valve “grab” the seat and stop 
turning. Record the actual dial readings. Find out when the inlet valve 
closes. This completes the events. They should agree within plus or 
minus three degrees with the events stamped on the name plate. The 
tuning diagram is given at Fig. 68 ( ) C. ( heck the Aalvc timing of cylinder 
(>l\. The events of this cylinder should follow the corresponding events of 
cylinder 1L by approximately 60 degrees ( between 5tt degrees and 62 
degrees). 

When everything is satisfactory the engine is ready to be “closed up.” 
lie sure there are no cotter pins left out of the nuts for the camshaft 
hearings, lie sure all cotter pins and lock wires are tight before putting the 
< yhrnlcr head (camshaft) covers on. Make certain that the lock screws 
<>f the cam followers are tight and that the covers are clean. It is recom- 
mended that the camshafts, \al\e springs, cam followers, and gears be 
“painted” w ith clean cvhmler oil Put plenty of oil oil Pour about half a 
pint of cylinder oil into each camshaft driveshaft housing, then assemble 
the cylinder head cover. The L.H. cover will not go on with the tachom- 
eter drive adapter in place. 'Tighten the screws for the covers and then 
screw the tachometer drive adapter in place. Put all covers on the gear- 
case except that for the starter deck. Place the distributor blocks and 
breaker assembly covers in place and lock them. If the starter clutch or 
“dog” was removed put it hack in place on the crankshaft gear. Be sure 
it cannot loosen. Pour at least one quart of cvlinder oil in the engine, mak- 
ing sure that the pocket containing the lower vertical shaft is full. Put on 
the starter or the cover for the starter deck. Put in the exhaust sparkplugs. 
The intake plugs should already he in place. Assemble the water manifold 
on the water jackets and connect them to the water pump. Use new hose 
it necessary. Be sure the hose clamps are in good condition. Instruc- 
tions for installing and running the engine Avill be found m the chapter to 
follow on “Installation.” The tabulations that follow are a summary of 
clearances for the Curtiss Model 1)12 series engines. 


SUMMARY OF CLEARANCES 


Model D12 Series Engine 
hist No. C-4492 


June, 1027 


Mm. 


Allowable 

before 

Desired Max. Replacing 
or Re- 
Ad }ust mg 


Weaker Cap — Splitdorf Magneto ... . 
i breaker Gap — Splitdorf VA-1 Magneto 


020 

.005 


006 


.024 

008 
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SUMMARY OF CLEARANCES 


Model D12 Series Engine 

List No. C-4492 

Min. 

Dr sired 

Allozvabl 
before 
Max. Rc plane 
or Re 

Ad in st in (■ 

Breaker Gap — Scintilla Magneto. Model AG-121) 

(VAG-12D) 

Cam follower — Dia. Clearance in Guide 

012 

0005 

.(Mil 5 

.015 

.0025 

.004 

Carnshaf t — Dianiet rival Clearance 

.0015 

0020 

0020 

005 

Camshaft— End JMav 

.001 

.005 

.009 


Camshaft Drivcsliaft Ball Bearings — Dia. Clear- 
ance in f lousing 

.0002 

.0007 

.0010 

.004 

Camshaft Drivcsliaft Lower Bearing in Housing — 
End Bl.iv 

001 s 

.0028 

.0098 

025 

Crankshaft- Dia Clear.uue in Bearings 

.0015 


.002 

.005 

Crankshaft — B>.ill Thrust Bearing Outer Race End 
Play in Crankcase 

.0005 

.0005 

.00,15 

.00(i 

Crankshaft — Oil Retaining Collar — Dia. ( le.nance 
in (’rank case .. . 

.000 

ooo5 

.012 

025 

Connecting Rod — Dia Clearance on Crankpm .... 

.0015 


.002 

005 

Connecting Rod — End Pl.tv on Crankpm 

.002 

.000 

.016 

(MO 

Connecting Rod (Short) End Play on Master Coii- 
necting Rod 

.004 

.ooo 

.008 

.012 

Distributor Drive Intermediate Shaft — Dia. Clear- 
ance (D-12-E onK ) 

0010 

0020 

.002 

.005 

Distributor Drive Intermediate Shaft — End Play 
(D-12-F onlv) 

.005 

007 

.010 

015 

Distributor Drivcsliaft — Dia. Clearance (D-12-E 
only ) 

0010 

0020 

0020 

005 

Gears (All) Backlash when told 

002 

005 

010 

.020 

Gear Gas Pump Drneshaft — Dia Clcarame 

0005 

.0010 

0012 

002 

Gear Gas Pump Drivcsliaft — End Play 

.002 


.004 

.010 

Gun Control Drivcsliaft Ball Bearings Dia 
Clearance in Housing 

.0002 


.0016 

.004 

Gun Control Drivcsliaft Upper Ball Bearing 
— End Plav in Housing 

0018 

.0028 

.0098 

025 

Gun Control Drivcsliaft Dia. C learance in Housing 

.001 

.002 

.006 

010 

Ciun Control Drivcsliaft End Clearance at top of 
Housing 

.005 

012 

.025 

.040 

Gun Control (E-4) Operating Plunger — Dia 
Clearance 

001 

.002 

.002 

.004 

Gun Control (E-4) Operating Plunger — End Clear- 
ance on Cam 

.002 

.002 

.004 

.006 

Magneto Oldham Coupling Driving Flange Dia. 
Clearance in 1 lousing 

.008 

010 

.012 

.025 

Magneto Drivcsliaft Ball Bearings — Dia. Clear- 
ance in Housing 

.0002 


.0016 

.004 

Magneto Drivcshaft — Ball Bearing End Play in 
Housing 

.002 

.004 

.010 

.0 Js 

Oil Pump Line Shaft — Diametrical Clearance 

.0005 

.0010 

.0015 

(HE 

Oil Pump Gears — Dia. Clearance in Body 

.004 

.005 

.006 

.OF 

Oil Pump Gears — End Play in Body 

.002 

.002 

.005 

.01 

Oil Pump Gears— Dia Clearance on Tdler Shaft 

.001 

.002 

002 

.(H 1 

Piston at Top Land 

017 

.019 

.021 

.02 

Piston at Bottom of Skirt 

.010 

.012 

.014 

.02’ 

Piston Pin in Piston 

.000 

.001 

.001 

.00 
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I 


SUMMARY OF CLEARANCES 


Model Dl? Series Engine 

List No. C-4492 

Piston Pin in Connecting Rod 

0005 

Desired 

.0015 

Max 

002 

Allowable 
before 
Re placin q 
or Rc- 
Atljustiiuj 

.004 

Piston Ring m Groove 

0015 

.0015 

.0035 

.005 

Piston Ring Gap 

00/ 

.008 

.000 

.020 

Propeller Huh — Did. Clearance at Small haul of 
Crankshaft when pushed on shaft bv hand 

002 


004 

.006 

Pumps Driveshaft — Did. Clearance in Gearcase 

001 

.002 

.003 

.006 

Pumps Driveshafl — End Plav in Gearcase 

000 

.010 

.014 

.025 

Sparkplug — Gap ( H t J ) 

.014 

.015 

Old 

.030 

Sparkplug — Gap (AC) 

.022 

.023 

.024 

.040 

Tachometer Driveshaft — Du. Clearance 

.0010 

.0020 

.0030 

.005 

Tappet — Gap 

.014 

015 

.010 

.018 

Valve — Diametrical Clearance in Guide 

.0025 

003 

.004 

.006 

Vertical Driveshaft Ball Bearing — Dia. Clearance 
in Housing 

001 

0012 

.003 

.006 

Vertical Driveshaft — Dia. Clearance at Lower End 

.001 

.002 

.003 

.006 

Vertical Driveshaft — End Plav in (jearca.se 

.007 


.010 

.025 

Water Pump Shaft— End Plav 

.002 


.000 

.010 

Water Pump Shaft Ball Bearing — Dia. Clearance 
in Housing 

0002 

0007 

.0015 

.004 

Wristpin — Dia. Clearance in Short Connecting 
Rod 

.0000 

0005 

.0015 

.006 


Wiistpin — End Play in Master Rod — End of Wristpin must not conu* closer than .005" 
to straight edge laid across side of lug end. 


QUESTIONS FOR REVIEW 

1. How fast does the crankshaft turn on Curtiss D12 engines? 

2. What is the Curtiss D12 cylinder construction? 

2. Outline main steps m dismantling Curtiss D12 engine. 

4. Are 1)12 cylinder heads removable? 

5. Outline inspection process for 1)12 crankshaft assembly 

0. What kind of a fit should a wrist pin have in the piston? 

7. What parts of the oil pump assembly need inspect ion J 
H How are 1)12 cylinder blocks assembled on the engine? 

0. How is timing of 1)12 engine checked ? 

10. Outline Curtiss 1)12 piston clearances. 
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ENGINES IN INTERMEDIATE STAGE OF POST WAR .DEVELOPMENT 


Engine 

Symbol 

c 

if 

c T 
^ U 

d 

X 

w- a 

« 

5 

z 

P 

d 

X 

.c 

Ph 

w 

p. 

« 1 

Comp. 

Ratio 

Cooling 
and Type 

Packard 

1A-1116 

12 

282 

1600 

733 2 

2 50 

125.1 

5 56 1 

W. C Vee 

Packard 

1A-744 

8 

160 

1600 

541.8 

3 02 

110 5 

5 02-1 

W (' Yee 

Packard 

1 A -12.17 

12 

300 

1800 

735 0 

21 

125 0 

6 5 -1 

W. C Vee 

Packard 

1A 825 

8 

200 

1800 

547 0 

2 34 

110.0 

5 02-1 

W. C Vee 

Packard 

1A-2025 

12 

550 

1800 

1142 

2 02 

132 17 

5 08-1 

W. C. Vee 

Packard 

1 A -1500 

12 

510 

2100 

738 

144 

120 o 

5 5 -1 

W. C Vee 

Packard 

1A-250U 

12 

800 

2000 

1100 

1 37 


5 5 -1 

|W. C Vee 

W rig lit 

E 4 

8 

100 

18(H) 

480 

2 5 

122 0 

5 35-1 

W. C Vee 

Wright 

H-3 

12 

320 

1800 

620 

1 03 

127 0 

5.5 -1 

W t Vee 

Wright 

T 3 

12 

575 

18(H) 

1160 

20 

131 5 

5.3 -1 

W. C. Vee 

Curtiss 

K-12 

12 

375 

2250 

728 

1.04 



W. C Vee 

Curtiss 

k-6 

6 

150 

1 7(H) 

417 

2 78 

121 8 

5 03-1 

W. C Yertir 

Curtiss 

C 12 

12 

400 

2250 

(AS 

1 (.8 

131 3 

5.5 -1 

W. C W<_ 

Curtiss 

( 1)12 

12 

400 

2000 

704 

; 176 

120 0 

5 37-1 

W (' Yee 

Curtiss 

l '-() 

6 

1(>0 

1750 

448.5 

I 2.70 

120 0 

5 2 -1 

W. C Vee 

Curtiss 

1) 12 

12 

375 

2000 

603 

l 184 

133 8 

5 3 -1 

W. C Vec 

Curtiss 

V-I4(H) 

12 

500 

2100 

(>55 

131 

130 0 

5 5 -1 

W. L. We 




ENGINES 

HE 1028 






c 


P 

Tt 

Q. 

X 

d o 


Engine 

Symbol 

G 

& 

X 

Ph' 

X 

1 ! 

If, 

^ 1 

Com 

Rati 

T\ pe 

Curtiss . . 

L) 12 (TIC ) 

12 

400 

2300 

i 

680 , 

1 48 

1 

6 :1 1 

W C \ et 

Curliss . 

VI 550 

12 

0()() 

2500 

720 l 

1 2 

5 7 -1 1 

w. c. \ « 

Curtiss . . . ! 

V (11550 

12 

600 

2500 

840 ! 

1 4 

5 7 :1 1 

av n.i 

Curtiss .... | 

Hex 

12 

600 

2400 

1000 

162 


A C IT." 

Packard 

2 A -1500 

12 

600 

2500 

780 

1.3 

51 1 

\v. c \« 

Packard Geaicd 

2A-1500 

32 

600 

2500 

880 

147 

51 1 

W t \<’> 

Packard . . . 

2 A -2500 

12 

800 

2000 

1179 

1 48 

5 .1 

VV. ( . A'c 

Packard ( i eared 

2 A -2500 

12 

800 

2000 

1380 

1 73 

5 -1 

W. c v« 

Wright 

|J5 

0 

250 

2000 

510 

21 

5 2 *1 1 

A. C Rad 

Wright 

R 1750 

0 

525 

1000 

750 

1 45 

5 4 -1 

A. C Rail 

Pratt & Whitney 

Wasp 

0 

450 

2100 

670 

1 40 

5 25 1 

A. C Rail 

Pratl & Whitney 

Hornet 

0 

525 

1000 

750 

1 43 

5 25:1 

A. C Rad 

Liberty 

Jnverled 

12 

430 

1700 

1015 

2 36 

5 4 :1 

A C Via 

Liberty ‘ 

Inverted 

12 

420 

17(H) 

0(H) 

214 

5 4 :1 

\V C Vn 


Nolo. The above tabulations refer to engines which have been used on IT. ^ 
Army and Navy airplanes and do not include the numerous air-cooled engines th.i 
have been successfully used foi commercial work. All the above are American enguu 
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PACKARD WATER-COOLED AVIATION ENGINES 

Packard Aircraft Engines — General Description of Engines — Crankcase Construction 
— Connecting Rods and Pistons — Cylinder Construction — Lubrication by Pressure 
Oil System — Return Oil System — Water Circulation — Avoiding Steam Traps in 
Circulating System — Oil Cooler — Ignition Distributors — Ignition by Indepen- 
dent Magnetos — Double Magneto Ignition — Scintilla Magnetos — Battery-Generator 
Ignition — Carburetion — The Oil and Water Pump Unit — Improvements in Model 
2A-1500 Engines — Improvements in Model 2A-2500 Engines — General Specifica- 
tions — Standard Adjustments — Standard Clearances — Unpacking Packard Engines 
— Preparing Packard Engines for Service — Starting the Engine — Starting with 
Battery Ignition — After the Engine Starts — Stopping the Engine — Care of Models 
2A-1500 and 2A-2500 Engines — After Every 20 Hours — To Check Timing Without 
Disassembling — Grinding Valves Without Disassembling Cylinder Blocks — Sum- 
mary of Operations for Complete Tear-Down of Engines — Re-assembling Engines 
— Crankshaft Plug Assembly — Removal of Cylinders from Valve Housing — Tappet 
Adjustment — Valve Grinding — Camshaft Timing Instructions — Battery Distributor 
Timing — Tools Furnished with Engine — Base Repair Shop Tools — Standard Types 
2A-1500 and 2A-2500 Engines — Inspection of Gear Reductions — Lubricating Sys- 
tem of Inverted Engine — Water Circulation of Inverted Engine — Carburetion of 
Inverted Engine— Packard 24-Cylinder X Engine. 

Packard Aircraft Engines. — Two engines of 5()0 and 800 horsepower 
respectively have been recently developed by the Packard Motor Car Com- 
pany for aircraft service. When these engines are compared v ith previous 
tvpes they are found to be more compact and to produce more power per 
pound of weight. When each is operated at its rated speed, the Model 
1,500 engine shown at Fig. 691 develops 100 horsepower more than the 
Liberty while weighing 140 pounds less, and the Model 2,500 engine de- 
velops 250 horsepower more than its predecessor, the Model 2,025, with a 
decrease in weight of 75 pounds. These improvements have been made 
possible largely because of a new type of cylinder construction, original 
'■‘Indies with regard to the loads that can be carried by bearings, reduction 
of the weight of the crankshaft while at the same time strengthening it, 
and the compacting and lightening of the timing and accessory-drive lay- 
out. Other improvements were made in the lubricating system and in the 
design of the valve gear and springs. 

The novel cylinder construction which has been previously described 
■ nables the cylinders to be spaced closely together and the weight of the 
a hole engine to he diminished. Other advantages incorporated into the 
lesign include water circulation in close contact with the heated surfaces, 
die use of a steel cylinder barrel as a wearing surface that carries the ex- 
plosion loads down to the crankcase, the locating of the hold-down flange 
ome distance from the end of the cylinder barrel so that the ends of the 
>arrels of the cylinders of the two banks can practically be allowed to touch 
’aside the crankcase and the engine can be run in an inverted position. 
Mr. L. M. Wookson has stated that the complete weight of the Model 1,500 
ylinder is but 9.5 pounds and the cylinder develops nearly 50 horsepower. 
Hie weight of the Model 2,500 cylinder is 15.2 pounds and the cylinder 
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develops 70 horsepower. The front end view of the Model 2A-1,500 in- 
verted engine is shown at Fig. 692 A and a side view at Fig. 692 B. 

Still other features comprise improved types of valve-housing and valve 
gear layout; positive cooling of the exhaust valve by oil pumped through it . 
a special type of multiple cluster small diameter piano wire valve spring, 
simplicity in the grouping of the accessories; a special type of magneto 
having a single magnetic circuit and two independent electrical circuits, 
either one of which will fire all twelve cylinders; the possibility of replacing 
magneto ignition with battery ignition by substituting a generator for the 
magneto but without other change to the engine or to the wiring between 



Fig. 691. — Packard Model 2A-1500 Aircraft Engines. Direct Drive Model at Top, 
Geared Drive Shown Below It. 

the distributors and the sparkplugs; the use of very short, comparative!' 
light, rugged slipper-type pistons; and the ability to use either direct dri\< 
or gear reductions. Jn applying these facts to commercial aviation, thc CrJ 
comparative performances mean that the new engines can carry double tin 
pay-load over the same distance or the same pay-load 2j4 times as far a 
could their progenitors. 
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The pistons of both the Model 1,500 and the Model 2,500 engines are 
of special interest in that they are of the slipper-type and are very short and 
comparatively light, although of rugged construction. The Model 1,500 
piston is 3 1 Ui> inches long and weighs 2/H pounds; the Model 2,500 pis- 
ton is 3 1 : '/ o inches long and weighs 4.47 pounds, bare. The smaller pis- 
ton is 5% inches in diameter and has only 90 per cent of the weight of the 
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Fig. 692.— Views of Packard 2A-1500 Aircraft Engine of the Inverted Type Shown at 
A and B. Compare Carburetor Location with that Shown at C, which is Front End 
of the Same Engine Used in the Conventional Manner. Changes Necessary to Run 
Engine Inverted are Described in Text. 

liberty piston although having fifteen per cent more area; the larger piston 
inches in diameter and has (>3 per cent of the weight of the Shenan- 
doah engine piston although having only nine per cent less area than the 
latter. The lengths of these new pistons were established after a series of 
*ests in which the length of the skirt was gradually diminished. 




Fig. 693. — Longitudinal Section Through Packard Aircraft Engine, Model 2A-1500 Inverted. 
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As a result of investigating the relation of hearing materials to allowable 
>peeds and loads, it was ascertained that failures of aircraft bearings rarely 
occur because of lack of lubrication or of wear but are caused by fatigue 
of the babbitt lining produced by minute flexing of the back of the bearing. 
Tests showed that the limitations of the bearings could be raised provided 
they could be prevented from flexing under load and ample force-feed lubri- 
cation were provided. The PY values of the bearing loads adopted, as 
compared with those of the Liberty engine, are: for the crankpin, 18,520 
pounds per square inch as against 13,200; for the center bearing, 35,000 as 
against 22,(>5(); and for the intermediate bearing, 27,000 as against 14, OCX). 



Fig. 694. — Longitudinal Section of Packard Aircraft Engine Model 2A-2S00 Shown at 
A Depicts Important Parts, Especially Propeller Drive Gearing. External Appearance 
of the Same Engine Shown at B. This Engine Develops 800 Horsepower. 

The critical speed of vibration of the Packard crankshaft is 64 per cent 
higher than that of the Liberty; it is also twice as stiff as well as weighing 
X) per cent less, a feature accomplished by the use of journals having com- 
paratively large outside diameters but bored out through their centers. 

The crankcases of both engines are of particularly rugged design, great 
depth being obtained partly because of the design of the cylinder and partly 
because of the arrangement of the main bearings. The eight main bearings 
as shown at Fig. 693 which shows a longitudinal section of the inverted 
-‘A-1,500 engine are of steel-hacked babbitt construction, the upper half 
being doweled to the crankcase and the lower half to the forged duralumin 
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bearing caps that are accurately fitted in longitudinally machined ways ii 
the transverse webs of the crankcase. With this construction, in a Vee-typ< 
engine, the main bearing bolts are relieved of bending stresses imposed b' 
the explosion loads. The thrust bearing is of the deep groove radial ball 
bearing type and is located between two plain bearings in the front bearing 
cap. The lower half of the crankcase is an aluminum stamping that serve , 
merely as an oil pan and supports the combined pump unit by a generous 
flange. 

The propeller hub is of the taper-fit type on the smaller engine and 
carries a forged-duralumin loose flange which, it should be noted, is not 
keyed or otherwise located on the propeller hub, a construction that has 
proved perfectly satisfactory in flight tests as well as in overload propeller- 
whirling tests. On the larger engines a splined hub with split centering 
cones is used. 

Although both the 500 and the 800 horsepower engines were originally 
intended for direct drive service, both have been built for use with gears, 
the gear reduction forming a separate unit bolted to a special crankcase 
flange. The gear reductions have been designed and built by the Allison 
Engineering Company of Indianapolis. They are of the spur-gear single 
reduction type and are entirely self-contained. A noteworthy feature is 
the employment of a shock-absorbing drive between the crankshaft and 
the pinion that has proved very successful in eliminating the gear trouble 
resulting from impact loading. Fig. 694 A shows the sectional side view 
and Fig. 694 B the side view of the 800 horsepower geared engine. These 
gear reductions give a two-to-one reduction to the propeller shaft that has 
been found to be particularly desirable for load-carrying airplanes of mod- 
erate speed. In addition to providing improved propeller efficiency, these 
geared engines lend themselves particularly well to a streamline installa- 
tion; and, in this manner, improved propeller efficiency and decreased i e 
sistance combine to offer important advantages in airplane performance. 
The 500 horsepower engine has also been built in the inverted type and, an in- 
verted engine has many advantages for aircraft use. It is entirely possible 
that the future will see the inverted engine as one of the standard types. 
A side view of the inverted Model 1,500 engine is shown in Kig. 692 B, and 
a front view in Fig. 692 A. A longitudinal sectional view is shown at 
Fig. 693. 

General Description of Engines. — The models 1,500 and 2,500 Packard 
aircraft engines are of practically identical design and construction and 
differ only in their relative sizes. These engines are of the 60 degrees Vee, 
twelve-cylinder, water-cooled type having a rating of 525 brake-horsepow er 
at 2,100 r.p.m. and 600 brake-horsepower at 2,500 r.p.m. for the smallei 
engine and 800 brake-horsepower at 2,200 r.p.m. for the larger engine 
The model 2A-1,500 engine has twelve cylinders, 546-inch bore and 5 } 2 - 
inch stroke, and the model 2A-2,500 engine has twelve cylinder, 646 -inch 
bore and 63 / 2 -inch stroke. Detailed specifications of the two engines will b< 
found in proper sequence and cross-sectional views at Figs. 693 and 695. 

The cylinder construction is a composite design possessing the advan- 
tages of both the unit type and block cast in respect to the ease of replace- 
ment of individual cylinders of the former type of construction and tin 
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Fig. 695. — Longitudinal Section Through Packard Aircraft Engine Model 2A-1500 Direct Drive, Showing Cylinder Construction 

Method of Valve Actuation by Overhead Shaft 
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general rigidity and cleanliness of design of the latter type. The cylinder 
and valve housing assembly is mounted on the engine as a unit and shoulrl 
be removed in the same manner. 

Crankcase Construction. — -The crankcase of the model 2A-1,500 engim 
shown at Kig. 095 is of modified box section type, the main bearing uppt." 
halves being supported in the transverse webs of the crankcase upper hah 
and the main bearing lower halves being supported in bearing caps. A 
special feature in connection with the mo lei 2A-1.500 crankcase construc- 
tion lies in the fact that the bearing caps are attached to the crankcase bv 
means of long through bolts, the upper ends of which pass through crab- 
which engage the cylinder hold-don n flange. Each pair of main bearing 
bolts is arranged with an included angle of f>0 degrees, the bolts being 
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Fig. 696. — Connecting Rod Assembly of Packard Aircraft Engine Model 2A-1500 

Showing Clearances. 

parallel to the cylinder axis and the bolting surfaces between the bearing 
caps and the crankcase upper half are square w ith the axis of the bolt-, 
thus giving a wedge-like appearance to the bearing caps and contributing 
greatly to the stiffness and rigidity of the structure. With this arrangement 
the explosion loads arc earned from the cylinder to the mam hearing caps 
practically entirely through steel bolts, the crankcase w alls serving as com- 
pression members. 

The crankcase on the model 2A-2,5(K) engine is of the conxentional bus- 
section type, the main bearings being supported in the sc\ cn transverse 
webs of the crankcase upper half, the bearing caps being supported by mas- 
sive studs arranged vertically and screwed into the crankcase upper hah. 
The crankcase finish surface, to which the oil pan is bolted, is brought down 
2y 2 inches below' the centerline of the crankshaft, the object being first!} 
to add rigidity to the crankcase structure: secondly, to render the oil pa* 
attaching screws and nuts more accessible. The bearing caps are dur. 1 
lumin forgings except in the case of the front and rear caps w'hich are can 
of a special heat treated aluminum alloy. The mam hearings are of bah 
bitted steel-backed construction and are doweled to both the bearing cap 
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and the crankcase upper half. The main hearings are provided with force 
feed lubrication, oil being- delivered through a horizontal manifold pressed 
in the crankcase upper half and distributing through vertical tubes leading 
to each bearing pressed in the crankcase transverse walls. Idle oil pan or 
crankcase lower half serves as a mounting for the combined water and 
oil pump unit and is provided with a screen extending its full length to 
protect the pump unit from being damaged by foreign particles in the oil. 
'The oil pan is provided with a scavenging line leading to the front end and 
serving to keep the crankcase scavenged on a glide. The oil pan can be 
renuwed from the engine at any time without disturbing the engine bear- 
ings. 

Packard Crankshafts. — The crankshafts in both engines follow cus- 
tomary ail craft engine practice and are noteworthy for their rigid- 
ity, the main journak of the two engines measuring three inches and 
3 T ' inches in diameter respectively, and the crankpins are 2 J/ 2 inches and 
3 1 l inches in diameter respectn civ. Both main journals and crankpins are 

I wired out with large holes and the crankpins are plugged to provide an oil 
reservoir for leading oil to the crankpin journals These reservoirs receive 
oil from the adjacent main hearings by means of steel tubes pressed into 

I I io crankshaft at an angle and lining up with the main hearing metering 
gmo\es at one end and the crankpin bore at the other. The main hearing 
metering grooves are located entirely in the upper half of the main hearings, 
extending twenty’ degrees around their circumference on the model 2A-1,5(X) 
engine and 30 degrees around their circumference on the model 2A-2.500 
engine. 

Connecting Rods and Pistons. — The connecting rods of both the model 
2\-l,500 and 2A-2.500 engines are of the articulated type fitted with babbitt 
hearings applied directly to the lug end of the connecting rod, as showui 
at Fig 6 ( Jh. The piston pin bushings m the connecting rods are of phosphor 
bronze and the same material is used in the link pin bushings. The link 
pins are retained in place by a tapered draw' bolt passing through a boss 
on the master rod. 

The pistons of both engines are aluminum castings of the permanent 
mold type and are of slipper design. Pistons of different compression ratios 
can he furnished to suit varying recpiirements. Three rings of the concen- 
tric type with diagonal slots are fitted above the piston pin and the lower 
1 mg groove is fitted with an oil drain relief provided with drain holes lead- 
'ng through the piston walls. The lower ring is also ground with a three 
degree taper relief to act as an oil scraper ring. The piston pins are allow ed 
! *> float in both the connecting rod upper and the piston pin bosses, endwise 
movement being limited by snap rings sprung into groo\ es in the piston 
•in bosses. 

Cylinder Construction. — The cylinders are of all-steel construction and 
re provided wdtli a hold-dow n flange located some distance above the low T er 
nd of the barrel. The upper end of the cylinder terminates in a flat ground 
urface to which the valve housing is bolted by means of five long studs 
‘istened to the cylinder head. A copper-asbestos gasket is interposed be- 
ween the cylinder head and the valve housing. The cylinder construction 
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ks unique in that it provides for water in contact with all heated surfaces, 
the cylinder head being of a double plate construction with water space 
between the two plates. This is shown in the cylinder section at the right 
Mde of Fig. 697. The valves arc seated against the inner surface of the 
lower plate so that the cylinder head gasket referred to is not subjected to 
explosion pressure. Circulating water is delivered to the individual cylin- 
ders by means of a manifold connected to the individual water inlet con- 
nections at the base of the cylinder. The water is discharged through the 
valve housing through holes provided in the cylinder top plate referred to, 
suitable ferrules in the copper-asbestos gasket insuring delivery of the 



Fig. 698. — Sectional View of Packard Valve Housing Showing Location and Porting 
of Valves, Four Valves Being Used for Each Cylinder. 

A\atcr to the valve housing through corresponding holes in the valve hous- 
ing lower surface. These holes arc provided in the cylinder around the 
exhaust ports only so as to favor the distribution of water over the hottest 
parts of the cylinder head. The cylinders are provided with two sparkplug 
bosses which are machined out of stock integral with the combustion- 
chamber forging and a sheet metal water jacket is welded to the cylinder 
at the flange provided near the lower end of the barrel and to the top plate. 
A single longitudinal welded seam completes the jacket. 

The valve housing is an aluminum casting machined on all surfaces and 
used interchangeably on the right and left hand banks. The housing per- 
forms the following functions and is shown diagrammatically at Fig. 698: 

(1) Distributes the mixture to the six cylinders from the two carburetor 
rross header manifold connections. 

(2) Forms the exhaust passages, each two adjacent cylinders having 
t heir two pairs of exhaust ports siamesed into a single exhaust outlet. 

(3) Collects the water circulated through each cylinder jacket and de- 
livers same through a single outlet at the front of the engine. 

(4) Supports the camshaft bearing pedestals and valve stem guides. 

The valve housing is turned end for end for use on the opposite bank 

'*f cylinders, the water outlet connections at the front end and the camshaft 
drive housing at the rear end being suitably drilled so that no change is re- 
quired in the valve housing itself, thus making it necessary to carry only 
»ne type of spare housing in stock. However, it is necessary to plug certain 
loles at the front or water outlet end of the valve housing. The holes to 
' e plugged are the vertical and horizontal oil pressure connection and one 
tud hole on the model 1,500 engine and two stud holes on the model 2,500 
ngine for which no corresponding holes are provided in the water outlet 
onnection. 
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The valve housing- is united to the six individual cylinders to form a 
vlinder block by means of 30 long studs r / Ui inch in diameter for the 
! ,500 engine and ■)'$ inch in diameter for the 2,500 engine. Furthermore, 
two studs from each cylinder are used to hold down the camshaft bearings, 
these bearings being located accurately in line by means of hollow dowels 
engaged in counterbores in the top surface of the valve housing. The inlet 
and exhaust valve guides have a light press fit in the valve housing and 
it is essential that a good fit be maintained at this point especially in respect 
to the inlet valve guides to prevent oil leaking into the inlet ports around 
(lie outside of the valve guides. The method of handling a cylinder block 
a^ a unit is shown at Fig. 099. 

The front and rear camshaft bearings are fastened to the valve housing 
bv three studs each, one of which is a cylinder hold-down stud and the 
other two are special studs for securing these bearings in place. The cam- 
shaft bearing at the gear end is provided with a vertical passage and an 
annular groove communicating with same for the purpose of introducing 
oil into the hollow camshaft at this point, the camshaft being suitably 
drilled. The cam followers operate in reamed bosses formed integral with 
the camshaft bearings and the cam followers are restrained from turning 
by reason of their flat surfaces engaging a Hat surface provided on each 
camshaft bearing. The camshaft bearings are lubricated l>v means of oil 
holes provided m the camshaft in approximately the center of each bearing, 
and the lubrication of the cam followers is carried out in one manner for 
the inlet cam followers and in another manner for the exhaust cam follow- 
er^ Half-round grooves are provided in the inlet camshaft bearings which 
lead the oil escaping at the end of the bearings to the top of the cam fol- 
lower stem guide, this oil flowing over all cam follower working surfaces. 
The exhaust cam followers are lubricated by the same means which conduct 
oil to the exhaust valves for cooling purposes. 

This has been shown diagrammatically and fully described in a preced- 
ing chapter. It consists of a vertical passage in the exhaust camshaft bear- 
ing which registers with a hole in the camshaft located radially with respect 
i') the adjacent cam so that oil from the camshaft llows down this passage 
when the nose of the cam is at its highest point, or in other words, when 
die corresponding exhaust valves are closed. This vertical passage com- 
municates with a horizontal milled passage in the base of the exhaust cam- 
haft bearing which leads to each exhaust cam follower guide hole. The 
' 'diaust cam followers are drilled both vertically and horizontally and the tappets 
-■re also drilled The exhaust valve stems are hollow and fitted with a 
n,-inch steel tube which is pressed into a necked-down section of the valve 
teni at the upper end and is brazed to a Ls-mch pipe plug at the lower 
"ml through which this tube is inserted. Three horizontal holes are drilled 
ear the lower end of the tube and the valve stem proper is provided with 
'vo horizontal holes just below the necked-down portion. In this manner 
d introduced under pressure at the upper end of the valve stem flows 
vnvn inside the tube out through the holes at the base and up around the 
■utside of the tube to the tw^o outlet holes in the valve stem. When the 
amshaft revolves the exhaust cam depresses the cam follower and the oil 
■ hich is trapped in the cam follower guide is forced through the exhaust 
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valves in the manner indicated, thus cooling the valves and greatly prolong 
ing the period between val\e grinding operations. 

Lubrication by Pressure Oil System. — The same lubrication system i 
employed on both the models 2A-1.500 and 2A-2,5(X) engines. The same oi‘ 
pumps are used on both engines and the oil circulating means are the samr 
in both cases. Roth engines operate on the dry sum]) principle, using an 
external oil tank and oil cooler. Oil is led up to the pressure oil pump 
through the oil “in” line (l^-inch O, D. tube connection) located at tin 
bottom of the oil pump body. Tin* oil Aoays through a fine mesh screen 
which is readily accessible by removing the hexagon head screw holding 
the oil strainer cover in place on the left side of the oil pump. After flow- 
ing through the oil screen the oil is led into the pressure pump and is forced 
out either through a pressure line leading to the engine hearings or past 
a relief valve and through the oil “out” connection leading hack to the tank 
In the model 2A-2.500 engine a fine me^li screen is also provided on the 
discharge side of the pressure pump, the suction screen on this model engine 
being of coarser mesh. Oil under pressure is led to the oil manifold ex- 
tending the full length of the engine and located at the t<Sp of the crankcase 
by means of passages provided in the oil pump body and crankcase oil pan 
These passages consist of steel tubes pressed in the aluminum castings and 
“matched” joints are provided between the oil pump body and the crankcase 
oil pan and between the oil pan and crankcase respectively. 

Care should be taken that clear holes are provided in the gaskets at these 
two points to prevent an obstruction to the oil supply reaching the engine 
Vertical tubes are pressed into each crankcase main bearing wall, these 
tubes communicating with the horizontal manifold referred to. It should 
be noted that all of these oil connections are permanently pressed in place, 
preventing the possibility of loose connections developing in service. The 
main bearing upper halves are drilled and furnished with hollow dowels 
which permit the oil to flow through the metering groove provided in these 
bearings. Steel tubes are pressed into the crankshaft and terminate at one 
end in the main journals in line with the bearing metering groove and at 
the other end communicate with the hollow crankpins. These crankpins ate 
plugged at both ends by means of duralumin plugs locked together with :i 
through bolt and an oil feed hole is drilled in the crankpin to lead the oil 
to the connecting rod bearing. A connection for the oil gauge line is pio- 
vided at the front end of the crankcase, thus registering the lowest oil pres 
sure in the system. At the rear end of the crankcase a tube is provided 
which terminates in a internal pipe thread into which is screwed 

a tee provided with connections for the two oil lines leading to the camshaft 
housings. 

The timing gear bearings are lubricated by oil passages, each bearing 
being positively fed from the main lubricating system. The camshafts are 
lubricated through oil passages leading through the rear end of the val\e 
housing and through a matched joint between the rear camshaft bearing 
and the housing. This rear camshaft bearing is provided with a continuou 
groove and the oil flows into the camshaft through two holes provided in 
the camshaft in line with this groove. The camshafts are hollow am’ 
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Fig. 700.— Assembly of Packard Aircraft Engine Oil and Water Pump Units for Models 2A-1500 and 2A-2500. 
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plugged at both ends and have oil holes specially located in the bearing 
adjacent to the exhaust cam followers so as to register with vertical pa^ 
sages in these particular camshaft bearings at such time as the toe of th* 
adjacent exhaust cam is at its highest point, that is, 180 degrees from th- 
valve wide-open position. In this manner oil under pressure flows throng! 
the camshaft and through the camshaft bearings and into the cam follow n 
guide. 

Return Oil System. — The excess oil thrown from the connecting rod 
and main bearings after lubricating the pistons collects in the lower hah 
of the crankcase or oil pan. The oil thrown out from the camshaft hear 
ings and the oil pumped through the exhaust valves collects in the valw 
housing compartment and drains back to the oil pan through drains pro- 
vided both at the front and rear of the engine. WlTcn the front end of the 
engine is high, as in a plane with the tail on the ground or when climhmg, 
the oil from the val\e housing compartment returns to the crankcase 
through generous cored holes pro\ ided in the upper camshaft drive hous- 
ings. This oil together with the oil returned from the various timing gear 
shaft hearings flows till (High two oil traps pro\ ided in the horizontal wch 
extending across the timing gear compartment just above the crankshaft 
The purpose of these oil traps is to present crankcase \ apors, consisting 
of products of combustion winch have leaked by the 'pistons, from rising 
into the timing gear and camshaft compartment and causing rusting of 
these parts due to condensation. After flowing through these oil traps the 
oil collects in the oil pan. When the front end of the engine is low, as in 
gliding or diving, the oil from the camshaft housings flow’s to the front 
end of the crankcase through the oil return tubes provided on the outside 
of the engine at the forw ard end. 

The oil which collects in the oil pail or sump passes through the screen 
which covers the entire bottom portion of the oil pan and is returned t<> 
the outside oil tank by means of either or both oil scavenging pumps pro- 
vided in the pump unit. These two scavenging pumps are formed by en- 
closing the three spur gears which are mounted respectively on the water 
pump shaft, the fuel pump driving shaft and the pressure pump shaft. I hi 
intermediate and forward or oil pressure pump driving gear combined foim 
a scavenging pump which drains the rear end of the crankcase, the oil flow- 
ing to this pump through a hole provided in the gear cover of the scavcn^ 
ing pumps. The intermediate and the rear gear which is mounted on the 
water pump shaft combine to form a scavenging pump for the forward end 
of the crankcase, a pipe being clamped to the bottom of the oil pan and 
extending to a small sump at the front end of the oil pan for the purport 
of collecting this oil and delivering it to the rear scavenging pump thioiigl- 
suitable passages formed by a matched joint between the pump unit bod} 
and the crankcase oil pan flange. The combined oil and water pump 
sembly is shown at Fig. 700 and all the parts disassembled at Fig. 701. 

External Oil System. — Two 1 J 4~inch hose connections are provided 
the oil pump for the “oil in” and “oil out” connections respectively, the.* 
markings being cast on the oil strainer cover so as to indicate the purptx 
of the two connections. The oil should he led through a suitable oil coo t 
with a distance thermometer placed preferably in the circuit before the o 
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passes through the cooler, but in any case, the thermometer should he dis- 
linctly marked as to whether it indicates “oil in" or “oil out" temperature. 
The oil cooler or regulator should have a cooling surface of about 25 square 
feet for the model 1,500 engine and about 40 square feet for the model 2,500 
engine, and it is important that this oil cooler should be built amply strong 
to withstand 150 pounds per square inch pressure which may be encoun- 
tered during the first few minutes of running with an engine with con- 
gealed oil in extremely cold weather. The oil cooler should also have 
suitable drains for draining both the oil and water (if used) sections. 



Fig. 701. — Parts of Oil and Water Pump Assembly of Packard Aircraft Engines. 

'The oil should be discharged into the external oil tank near the top of 
>ame. and this oil tank should have a capacity of between \\ () and ]/ rj of 
the gasoline capacity of the plane, this value excluding an allowance for 
expansion amounting to an additional ten per cent of the volume. The 
lowest part of the oil tank should be preferably arranged to be slightly 
■ugher than the inlet connection to the oil pump. 

The top of the oil tank should he vented to either of the connections 
provided at the rear end of the crankcase or at the front, whichever may 
!>e more convenient, this vent pipe being not less than J/»- inch O. D. and 
die piping being as direct as possible, avoiding any low points in which 
1 ongealed oil might collect in cold weather. The lowest point on the oil 
lank should be connected to the “oil in" connection on the oil pump unit 
•v means of a J4“^ nc ^ O. 1). pipe. Special care should he used to insure 
’hat all external oil pipes he as direct as possible and free from sharp bends, 
md a suitable drain should he provided at the lowest point in the system. 
A’here the oil lines between the oil tank, oil cooler and the engine are neces- 
arily long they should be water jacketed for their entire length and this 
’locedure is also advisable even when the lines are short so as to promote 
‘he flow of oil when in a congealed condition by means of hot water em- 
ulated by the engine. 

Water Circulation. — The water circulation system through the models 
^-1,500 and 2A-2,5(X) engine follows conventional practice. Water is de- 
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livered to the inlet of the water pump through an elbow connection or : 
vertical connection as required by means of a 2j/-inch I. D. hose fittini; 
over the elbow connection which can be attached to the pump at any o 
six different positions. The water pump forms part of the oil pump unU 
shown at Figs. 700 and 701 and is of the centrifugal type, is driven at \ )\. 
engine speed, and delivers approximately 100 gallons of water per minute 
at 2,000 r.p.m. through an unrestricted external system. The water pump 
body is provided with two outlets, one to each bank of six cylinders, and 
external steel manifolds conduct the water to the individual inlets near the 
base of each cylinder. The water flows upwards through the jackets, en- 
tirely surrounding the cylinders, and completely covers the combustion- 
chamber head. Holes are provided surrounding the exhaust ports leading 
the water through the copper-asbestos gasket into the valve housing. In- 
dividual water outlets are provided at the front end of the valve housings, 
these being adapted to receive 1 34-inch I. D. hose for both the model 2A- 
1,500 and 2A-2,500 engine. 

When installed in a plane so that the engine is either level or with the 
propeller end high the entire water system can be drained by removing the 
plug provided in the water pump inlet elbow. 

Avoiding Steam Traps in Circulating System. — -With a conventional 
nose radiator installation, in which an expansion tank is built into the 
radiator and receives water from the engine by vertical rising connections, 
there is practically no danger of steam pockets forming in the system if 
ordinary care is used to insure the system being full of water and free from 
any air pockets. With the growing tendency towards using tunnel radia- 
tors or other types of radiators mounted below the engine great care must 
be used to avoid forming steam traps in the system. The one infallible rule 
to follow is that steam will always rise to the highest point in the system 
and can rarely be induced to flow downhill. Therefore in any cooling sys- 
tem employing a radiator, the inlet of which is below the top of the engine, 
it is essential to provide an expansion tank and this expansion tank must be 
piped to the water outlet connections of the engine by pipes which lead 
continually upward when the engine is in a level flying or climbing position. 
Under gliding or diving conditions this precaution is, of course, not essen- 
tial. Where the engines are operated as “pushers” special vents are pro- 
vided in the camshaft drive housings and these vents should be led to the 
highest point in the water system with no loops or horizontal runs. 

Tapped bosses are provided on both right and left hand water outlet 
connections to receive standard distant-type thermometer bulbs. A single 
thermometer on each engine is considered sufficient and should be mounted 
on the instrument board in the usual manner, but in the case of a dual con- 
trolled machine it may be advisable to provide a separate instrument for 
each cockpit. 

Oil Cooler. — The most preferable form of oil cooler is of the water-tube 
type. It is essential that the water circuit through this cooler be as direct 
and unrestricted as possible in order not to throttle the water pump capacit\ 
at high speeds. In laying out the water system it should be borne in mind 
that the piping should be as direct as possible as sharp bends introduce 
high resistances. 
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Ignition. — Three alternative forms of ignition can be applied to either 
the model 2A-1,500 or model 2A-2,500 engines, dependent upon the service 
requirements. These three types are the following: 1. One double magneto 
mounted in Vee with two independent distributor drives. 2. Two twelve- 
cylinder magnetos carried on a bracket bolted to the rear end of the crank- 
case as shown at Fig. 702. 3. Battery generator ignition furnished by two 
distributors mounted in inclined position at the rear end of the engine in 
conjunction with a generator mounted vertically in the Vee or horizontally 
at the rear end of the crankcase. 



Fig. 702. — Magneto Drive Assembly of Packard Aircraft Engines, Models 2A-1500 

and 2A-2500. 

Distributors. — Distribution of the high tension current to the two sets 
of sparkplugs is accomplished by two independent but interchanged dis- 
iributors driven respectively off of each camshaft driveshaft at one-half engine 
speed. The distributors are timed in substantially the same fashion as the 
battery distributors with the exception that the rotors are arranged exactly 
opposite to the center of the radially arranged distributor terminal at such 
time as the magneto contacts are just separating with the magneto advance 
lever in the midway position between “full-advance” and “full-retard.” It 
will be noted that the distributors when used in conjunction with the double 
magneto are locked in position and are connected to the advance lever con- 
trol as in the case of the battery distributors. The proper synchronizing 
of the high tension rotors with the magneto interrupters as outlined above 
is essential for the satisfactory operation of the engine as lack of this syn- 
chronism may make the engine difficult to start and also cause missing at 
uigh speed. A connection is provided on the distributor cap for a booster 
magneto high tension connection. This terminal is provided on either dis- 
tributor and connects with a trailing brush on the rotor by means of an 
•nsulated ring set inside the distributor block. Each distributor on both the 
models 2A-1,500 and 2A-2,500 engines fires all twelve cylinders, the left 
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distributor being wired to the inside or inlet sparkplugs and the right di 
tributor being wired to the outside or exhaust sparkplugs. 

Ignition by Two Independent Magnetos. — Tn installations requiring tlv 
use of two independent magnetos these instruments are mounted horizon 
tally on a bracket bolted to the rear end of the crankcase. The magneto - 
are driven at one and one-half times engine speed through adjustable coup- 
lings. The drive is furnished by a bevel spool gear meshing with an 
integral bevel gear provided on the camshaft center driveshaft. TIoth mac 
netos turn in the same direction, viz., counter-clockwise facing the driving 
end of the magneto. Approximately correct timing relationship is estab 
lished by meshing the proper teeth on the bevel pinion driving the magnet*, 
and a fine adjustment is secured bv clamping the two halves of the adjust 
able coupling in the correct position. The following are the recommended 
settings : 

High Compression Low Compression 

Model 2A-1.500 engine 35 deg. adv. 40 deg. adw 

Model 2A-2.500 engine 44 deg. adv. 50 deg. adv. 

Note: The above settings are to be made with the spark advance lever 

in the full advance position. 

The magneto contacts should be adjusted to show 7 a gap of from 012 
inch to .01 0 inch at the time of maximum opening. The low tension tei- 
minal on each magneto is to be connected to the corresponding terminal 
on the ignition switch, and the high tension booster magneto connection 
should be connected preferably to the left hand magneto which is used to 
fire the inside or inlet sparkplugs. The right hand magneto is wired to fire 
the exhaust or outside sparkplugs. The advance arms on the two magneto 
breaker boxes are interconnected by a control shaft and levers furnished 
with the engine, and the hell crank provided on the left hand end of this 
control shaft should be connected to the spark advance control in the pilot's 
cockpit. 

Double Magneto Ignition. — The magneto is mounted vertically in the 
Vee at the rear end of the engine and is driven at one and one-half times 
engine speed from the extension of the lower camshaft driveshaft. The 
two high tension distributors arc independent units driven by bevel gears 
off the camshaft upper driveshafts in the same manner that the batten - 
generator distributors are driven and mounted. A single high tension wire 
connects each distributor with the corresponding high tension terminal on 
top of the magneto. The magneto is of the inductor type with a revolving 
four-pole rotor and two sets of stationary windings. A four-lobcd cam i 1 - 
mounted oil the upper end of the rotor shaft. The driving member of the 
coupling is in approximately correct timed relationship to the engine ami 
the exact setting of the spark is secured by rotating the magneto bodily on 
its slotted flange, the two % (r inch hold-down nuts being tightened when 
the desired setting is obtained. The following are the recommended sc 1 
tings : 


Model 2A-1.500 engine 
Model 2A-2,500 engine 


High Compression Low Compression 

. 35 deg. adv. 40 deg. adv. 

44 deg. adv. 50 deg. adv. 
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Note: The above settings are to be made with the spark advance lever 
in the full advance position. The magneto contacts should he adjusted to 
show a gap of from .010 inch to .012 inch at the lime of maximum opening. 

The two low tension terminals on the terminal block on lop of the mag- 
neto are to be connected to the corresponding terminals on the special igni- 
tion switch furnished with this magneto and it is very important that these 
connections maintain good electrical contact. The two high tension ter- 
minals are connected to the distributors and care should be taken to prevent 
these wires from fouling the controls, gun synchronizers, or any other 
moving parts. 

Scintilla Magnetos. — Contact Breaker Mechanism • — The life of the con- 
tact points depends to a great extent on how clean they are kept. Take 
particular care that no oil, gasoline, kerosene or foreign matter gets on 
them. The contact points should not be filed unless absolutely necessary. 
The gap between the contact points should be maintained in accordance 
with the gauge on the Scintilla wrench. The thickness of this gauge is 
012 inch. To rctnoxe the contact breaker assembly, mo\ e the breaker to 
midway position between full advance and full retard positions. Bring the 
bayonet lock hand latch to the same vertical position and pull out the 
breaker assembly. Oiling the Magneto: — Place 30-40 drops of oil in the 
front oil holes or until it appears at the overflow hole which is located about 
two inches below the timing window. Put about five drops of oil in the 
hack oil hole. Use the best grade of medium-bodied machine oil. The 
magneto should be oiled about every 25 hours. Assembling the Magneto : — 
This should be done with the utmost care. Sec to it that the rotating 
magnet is absolutely free of filings, chips, etc. Match up parts marked “IT' 
when magneto is clockwise rotation. Match up parts marked “G” when 
magneto is auti-clockwise rotation. If it is necessary to change the rotation 
of the magneto, \vc advise that it be returned to the Scintilla factory. 

Timing the Magneto to the Engine. — The numbers on the top of the 
main cover are for the purpose of locating the distributor blocks to their 
proper sides. The letter U marks the terminal to which the booster wire 
is to be connected. The letter P marks the terminal to which the ground 
or short circuiting wire is to be connected. The arrow indicates the direct- 
tion of rotation of the magneto viewed from its drive end. The numbers 
on the distributor blocks show the firing order of the magneto. 

No. 1 on the distributor gear can lie seen through the timing win- 
dow located under the front oil hole cover. When this No. 1 corre- 
sponds with the white mark at the top of the timing window', it indicates 
that the contact points are just opening with the breaker fully advanced. 
Some installations do not permit of this window' being seen, and in such 
eases the marks on the inside surface of the distributor gear corresponding 
to marks on the inside surface of the front end plate should be used. 

Battery-Generator Ignition. — This form of ignition is supplied by two 
special Dclco distributors driven at one-half engine speed by bevel gears 
meshing with integral pinions cut on the right and left hand camshaft upper 
lriveshafts. Distributor Instructions: Synchronize Contact Arms' — 
Loosen contact plate hold-down screws. Turn adjusting eccentric until 
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both arms break contact at the same time. Tighten hold-down screws. 

Contact Separation. — .014 inch to .016 inch. 

Contact Spring Tension. — 18 to 22 ounces. 

Manual Advance. — 60 degrees. 

Bearings and Lubrication. — One annular ball bearing and one roller bear 
ing. Place eight to ten drops of medium engine oil in the oil hole in the top 
of fhc cam every sixteen to twenty flying hours. 

Each distributor contains two low tension interrupters connected in 
parallel and operated in synchronism by a twelve-Iobed cam. A sleeve ex- 
tension of this cam is slotted off center and drives a moulded rotor arm which 
distributes the high tension current received through the center brush. A 
condenser is mounted inside the distributor casing and is readily detachable. 
An eccentric adjustment is provided on the breaker arm supporting plate 
to permit of synchronizing the two breakers and it is important that both 
sets of interrupter contacts arc separated at substantially the same tunc. 
An ignition coil which is not mounted on the engine is furnished with each 
distributor, and the two coils should preferably be located as close as pos- 
sible to the distributors but in a relatively dry and cool location well 
protected from excessive vibration. In most installations the fire wall immedi- 
ately back of the engine is suitable for the purpose, and the coils should be 
securely mounted by means of four bolts passing through the bosses pro- 
vided on the coil. Nine millimeter high tension cable is to be used to 
connect the high tension terminal on the coil to the center terminal on the dis- 
tributor and this wire should be as short and direct as possible with suf- 
ficient allowance to take care of the weaving of the engine in the mounting. 
It is advisable to “safety” the high tension connection on the coil by means 
of a piece of safety wire passed through a hole drilled through the high 
tension terminal. It is advisable to cover this terminal with rubber tape 
protected by a final layer of friction tape to minimize the danger of water 
reaching the high tension terminal. 

One primary connection on the coil should be connected to the primary 
terminal on the distributor with extra flexible primary wire of No. 12 or 
No. 14 size. Terminals of approved design are to be securely soldered to 
each end of this wire and sufficient length should be provided to insure free 
operation of the distributors throughout the entire range from full-retard 
to full-advance. Two types of ignition coils are furnished ; one in which the 
resistance unit is mounted on the ignition switch, as in the Liberty ignition 
system; and the other in which the resistance unit is mounted on the igni- 
tion coil. It is very important that only one resistance unit should be in 
the circuit, as if there should be a resistance unit on the switch as well as 
on the coil the current will be greatly weakened and it will be impossible 
to operate the engine at anything approaching full throttle. If, on the other 
hand, no resistance should be employed either on the switch or on the coil, 
excessive current will be used and the coil will be seriously damaged or 
completely burned out in a very short time and the ignition interruptei 
contacts will also suffer serious damage. 

The two distributors are advanced and retarded together by means of a 
connecting rod fitted with ball and socket joints at each end. It is impor- 
tant that both distributors be synchronized especially in the full advance 
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position and the length of this connecting rod can be changed to effect this 
adjustment by means of the screw threads provided at either end. 

Generator Test — Hot. — .Start 1,400 r.p.m. Nine amperes at 2,500 and 
3,500 r.p.m. Maximum twelve amperes. 

Note: Above readings taken at generator. If generator is tested Cold 
add three amperes to above readings. # 

To Adjust Charging Rate. — Turn adjusting nut on end of generator 
counter-clockwise to increase and clockwise to decrease charging rate. 

Brush Spring Tension. — 1-1 pounds on each. 

Cut-Out Relay. — Contacts close 12J4-14 volts. Separate with 0-3 am- 
peres discharge. Gap between core and armature with contacts closed .040- 
.047 inch. Gap may be adjusted by slightly bending the armature stop. 
To raise cut-in voltage, increase spring tension or increase gap. To lower 
cut-in voltage, decrease gap and if necessary slightly decrease spring ten- 
sion. To decrease discharge current, increase spring tension and decrease 

f?ap- 

Bearings and Lubrication. — Annular ball bearings. Place eight to ten 
drops of light engine oil in each oiler every six to eight flying hours. 

Rotation. — l J /t engine speed, clockwise facing commutator end. 

Ignition Wire Identification. — Each ignition wire lias affixed to it a small 
metal tag at the distributor end with the number of the cylinder ranging 
from one to six, the position right or left shown by “R" or “L,” and inlet 
or exhaust side of the cylinder shown by “I” or “E.” Furthermore, on Scin- 
tilla model AG-12D magneto installation the order of firing of each in- 
dividual sparkplug, ranging from one to twelve, is shown by an additional 
number on the tag corresponding to the markers employed on the Scintilla 
distributors. 

Carburetion. — Both the model 2A-1,500 and 2A-2,500 engines are pro- 
vided with two Strom berg carburetors and the carburetors are bolted to an 
air intake and to their respective cross intake manifolds so as to form a 
complete unit which can be detached from the engine by removing the nuts 
bolting the manifolds to the valve housings, disconnecting the throttle and 
mixture control rods and breaking the gasoline line at the rear hose con- 
nection provided at the rear end. The carburetor, manifolds and air intake 
assembled for each engine are shown in the photograph at Fig. 703 B. The 
intake manifolds are heated bv means of exhaust gases circulated through a 
jacket surrounding each manifold. The exhaust gas is drawn from Nos. 1 
and 2 and 5 and 6 exhaust ports by means of drilled passages provided 
for that use and these gases are finally drawn into the intake manifold 
to mix with the fresh mixture going into the cylinders through the two 
Mi-inch orifices provided on each manifold. With this arrangement the 
volume of exhaust gas drawn through each manifold varies in proportion 
to the vacuum existing in the intake manifold. That is to say, when the 
engine is idling or turning over at moderate speeds the vacuum is quite 
high, resulting in a comparatively large volume of exhaust gas passing 
through the jacket and thereby helping to warm the engine up quickly when 
starting up preparatory to a flight or on a glide. On the other hand, when 
the throttle is wide-open the vacuum is low and very little exhaust gas is 
drawn through the manifold and consequently the mixture is not overheated 
to the detriment of full power operation. 
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Model 2A-1,500 Engine. — The model 2A-1,500 engine is equipped will 
two duplex Stromberg carburetors of the NA-Y6P type. The standard set 
tings for these carburetors on this engine are as follows: 

Choke IP" 

Main jet No. 40 drill 

Idle metering jet No. 61 drill 

♦ Idle air bleed No. 50 drill 

For detailed instructions regarding this carburetor refer to special chapter 
on Stromberg carburetors. It will be noted that the cross header connect- 
ing the two cylinder blocks with each carburetor is not provided with am 
partition so that both halves of the duplex carburetor feed any of the six 



Fig. 703. — View at A Shows Packard Valve Gear with Overhead Camshaft and 
Multiple Cluster Springs. B Shows Carburetor Joined to Common Air Intake Cast- 
ings with Vertical Intake Stack. Each Carburetor Carries an Induction Pipe by 
Which it is Coupled to Valve Housings. 

cylinders supplied by each cross header. This facilitates adjusting the cai- 
burctors for idling since it is no longer necessary to give the idling adjust 
ment a separate setting for three cylinders at a time since six cylinders arc 
controlled by the same adjustment. 

Synchronizing screws are provided in the connecting shaft between th< 
two carburetor throttle shafts and these should he so adjusted that the from 
carburetor throttle closes slightly in advance of the rear carburetor so thm 
when the pilot puts a very slight strain on the throttle control both car 
buretor throttle sectors will come smartly against their respective idling 
stops. 
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Model 2A-2,500 Engine. — The model 2A-2.500 engine is equipped with 
two special single Stromberg carburetors of the NA-S12 type. The stand- 
ard settings for these carburetors on this engine are as follows: 

Choke 3'/s” 

Mam jel N<>. .So drill 

Idle Metering jet No. d«S drill * 

Idle air bleed No. 5(> drill 

For detailed instructions regarding this carburetor refer to instruction 
book issued by the manufacturer and accompanying each engine and also 
the chapter on carburetors. The idling adjustment on the model 2A-2.500 
is even simpler than on the 2A-1,500 engine as each carburetor has only one 
adjustment. Idle throttle connecting rod between the two carburetors 
should he adjusted so that the forward carburetor closes slightly in advance 
of the rear carburetor but so that a further slight pressure will bring the 
rear throttle against its stop also. 

Roth the model 2A-1,5(X) and 2A-2.500 engines are equipped with pistons 
giving different compression ratios according to the service required. The 
compression ratio for any particular engine is stamped on the name plate, 
and in case of doubt reference should be made to this identification. In 
general, engines with five to one compression ratio can be operated quite 
satisfactorily on domestic aviation gasoline. The model 2A-L500 engines 
equipped with the 5 5 to 1 compression ratio can be operated on domestic 
aviation gasoline under conditions not requiring sustained full throttle 
operation near sea level. If continuous full throttle operation under these 
last conditions is required it is advisable to blend the domestic aviation 
gasoline with about twenty per cent benzol, which must be of suitable 
purity and free from sulphur. An equivalent anti-knock can be obtained 
using five c.c. of ethyl fluid to each gallon of domestic aviation gasoline. 
With the model 2A-2.500 engines employing 5.5 to 1 compression ratio or 
higher, and with the model 2A-1.500 engines employing compression ratios 
of 5.7 to 1 or higher, it is advisable to use a blend of 40 per cent benzol and 
00 per cent domestic aviation gasoline, or ten c.c. of ethyl fluid per gallon 
of domestic aviation gasoline. 

The Oil and Water Pump Unit. — The pump unit is shown in section at 
big. 700. This unit is used interchangeably on both the models 2A-1,500 
and 2A-2,500 engines and consists of : A single casting w hich comprises the 
water pump body, oil pressure pump body, strainer compartment, and 
mounting for the relief valve and fuel pump. A gear cover which encloses 
three spur gears which drive the various units. This gear cover acts as 
a scavenging pump body for the two scavenging pumps for the front and 
rear crankcase drainage systems. The pump unit is attached to a flange 
on the crankcase lower half or oil pan by means of ten % 6-inch studs and 
driven front a short shaft journaled in the rear main bearing cap and pro- 
Mded with an integral bevel gear, meshing with the crankshaft gear, 
through a full-floating Oldham coupling. The pump is driven at 1 V 2 times 
engine speed in a counter-clockwise direction. The coupling drives the 
water pump shaft directly and on the upper end of this shaft a steel spur 
gear is fitted for driving the other units. 
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The water pump shaft is provided with two stuffing boxes, the upper 
one to prevent oil in the crankcase from leaking out along the shaft anc! 
the lower one to prevent water from leaking upwards around the pump 
shaft. A locking strip engages milled slots in the stuffing box adjusting 
nuts and serves to lock the nuts when the desired adjustments have been 
made. These nuts can be tightened by being pried around by a blunt-ended 
screwdriver and when being adjusted should be tightened as far as possible 
and then backed off to the nearest locking slot. Both packing glands are 
automatically lubricated from oil in the crankcase which flows down the 
hollow pump shaft and out through the small hole provided opposite each 
gland. The water pump impeller is keyed to the tapered end of the water 
pump shaft and is provided with a threaded hub to fit a special puller pro- 
vided in the tool kit for the purpose of removing the impeller when neces- 
sary. In assembling the impeller on the shaft, care should be used to see 
that the impeller does not rub against the walls of the body or cover, but is 
located with approximately the same clearance on cither side. The steel 
gear on the water pump shaft meshes with a steel gear which carries on 
the extension of its integral shaft a bevel pinion meshing with a similar 
bevel pinion driving the fuel pump. 

The oil pressure pump consists of a pair of duralumin gears, the driving 
member of which is fitted with an integral splined shaft extension on which 
is pressed a duralumin spur gear meshing with the intermediate steel gear 
driving the fuel pump. The oil pressure pump communicates with the 
strainer compartment by means of a bored passage and a screen is arranged 
between the “oil in” connection and the pressure pump inlet. The screen 
is made in box form fitted with a cover and can be readily withdrawn by 
loosening the screw mounted on the center of the cover plate. This plate 
is located on the pump unit by means of a dowel on the right hand side 
and care should be used in replacing the cover to line up correctly with 
the dowel. A vellumoid gasket is placed under the cover and should be 
examined before replacing the cover plate. 

The model 2A-1,500 engine is provided with a fine mesh (No. 30) screen 
on the suction side of the pressure pump as described above and the model 
2A-2,500 engine is equipped with a coarse mesh (No. 12) screen in the same 
location. The model 2A-2,500 engine, however, carries in addition a fine 
mesh screen (No. 50) provided with an automatic bypass valve mounted 
integrally on the screen and this unit is built into the crankcase lower half 
on the larger engine, the oil first passing through the coarse mesh screen, 
then through the pressure oil pump and then through the fine mesh screen 
before passing on to the bearings. It is, of course, very important that the 
fine mesh screen (No. 30) should always be employed on the suction side 
of the model 2A-1.500 engine pressure pump as the use of a coarse screen 
on this engine would permit dangerously large particles of dirt to pass 
through the lubricating system. The oil pressure relief valve is located in 
a horizontal position extending forward on the right hand side of the pump 
unit. To raise the oil pressure the adjusting screw should be turned to th< 
right and to lower the oil pressure it should be turned to the left. Aftci 
any change in adjustment the jam nut should be securely tightened. An 
oil pressure of about 75 pounds is desired with the oil hot at an engine speei 
of about 1,500 r.p.m. 
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Improvements in the Model 2A-1,500 Engines Over the Model 
1A-1,500 Engines 

Crankcase and Main Bearings. — In order to meet the requirements of 
extreme high-speed running a radically new form of crankcase construction 
and main bearing support has been worked out in the model 2A-1,500 
engine. The long through main bearing bolts located parallel to the two 
banks of cylinders replace the conventional arrangement of two vertical 
studs supporting the main bearing caps in the model 1A-1.500 engines. 
These long bolts assist in holding the cylinders to the crankcase by means 
of crabs engaging the cylinder hold-down flanges. 

Cylinders. — In the 2A-1.500 engines the cylinder head has been in- 
creased in overall depth by inch, this representing additional water space 
between the combustion-chamber and top plate, the extra depth yielding 
about a 35 per cent improvement in rigidity. 

Timing Gears. — Changes have been made improving the accessibility 
of the driving gear train. The camshaft center driveshaft can now be 
removed through the top of the crankcase, whereas previously it was 
necessary to dismantle the engine to remove this shaft. The camshaft 
drive side gear upper housings can now be removed from the valve hous- 
ings without removing the cylinder block, thus permitting the removal of 
the entire gear train without disturbing the cylinder blocks or taking an 
engine out of a plane in the ordinary installation. 

Gasoline and Oil Connections. — The oil “in” and “out” connections on 
the model 2A-1.500 engines are made to receive 1*4 inch I D. hose connec- 
tions instead of the one inch connections used on the model 1A-1,500 
engines. The oil “in” connection has been changed from the front of the 
strainer compartment to the underside to simplify the piping on the 
average plane installation. The oil gauge connection is formed by a 
inch hose nipple integral with a two-bolt flange fitting provided on the 
left rear motor support arm. The gasoline connection (except when the 
Wright Viking pump is used) is formed by a j4-inch hose nipple integral 
with the two-bolt flange fitting provided on the rear crankcase wall on the 
right hand side. 

The object in enlarging the oil “in” and oil “out” connections is to 
obtain freer flow of oil in cold weather. The purpose in providing the hose 
connections fdr the oil pressure lines and the gasoline lines is to avoid 
failures of these important lines in service. It is felt that the ideal piping 
layout consists in having these lines terminate at suitable hose connections 
on the fire wall or some fixed part of the structure adjacent to the rear 
of the engine and have short direct copper lines with the hose connections 
at each end to connect up with the corresponding engine lines. 

Ignition Distributor Drives. — The ignition distributor drives have 
been removed from the center of the camshaft and are now driven off the 
camshaft drive side gear upper. This change was made in order to remove 
the influence of the torsional oscillations of the camshaft from the distribu- 
tor shaft, a much smoother drive being obtainable in the new position. 
The new location is also preferable from the standpoint of avoiding oil 
leaks around the distributor mounting. 



1464 


MODERN AVIATION ENGINES 


Carburetor Air Intake. — The removal of the distributors from the cente- 
of the engine has permitted the installation of a centrally located air intake 
stack. In this connection the two carburetors and manifolds and the cai 
buret or air intake with throttle and altitude controls and connecting 1 gaso 
line lines can be withdrawn from the Vee as a unit, this greatly simplifying 
the assembly and disassembly of the engine. 

Oil Pump Screen. — A screen extending the full length of the oil pan 
is now provided, effectively preventing any foreign particles from reaching 
the two oil scavenging pumps and at the same time presenting sufficient 
surface to avoid the necessity for cleaning except at long intervals. 

Connecting Rods. — The model 2A-1.500 engines are equipped with 
articulated connecting rods of similar design to that used on the model 
1A and 2A-2.500 engines in place of the straddle rod construction used on 
the model 1A-1,5(X) engines. It has been found that the articulated rod 
construction offers a more rigid backing for the bearing ( which is now of 
babbitt directly applied to the connecting rod) essential for continued high- 
speed operation. 

Carburetion. — The model 2A-1,500 engine is equipped with two Strom- 
berg NA-Y6P carburetors with a throttle bore of 2~/\ Ci inches, as com- 
pared with the NA-Y5 carburetors having a throttle bore of 2?i, ; inches 
used on the model 1A-1.500 engine. In addition to the increased capacity 
obtained with the larger carburetor modifications in the float chamber 
construction and location of the gasoline passages permit the new carbu- 
retors to continue to function in the violent maneuvers required in pursuit 
w r ork. 

Exhaust-Heated Intake Manifolds. — A very important improvement 
in the model 2A-1 ,500 engine consists in the application of exhaust heat to 
the intake manifolds, thus greatly improving acceleration with a cold 
engine, economy at cruising speeds, and elimination of snow formation on the 
throttle. This exhaust heat is applied in a somewhat similar fashion to the 
fuelizer on Packard cars. That is to say, the supply of heat varies inversely 
as the throttle opening as the flow of exhaust gases through the jacket is 
determined by the vacuum existing in the intake manifold, the exhaust 
gases being used to dilute the charge at idling and cruising speeds. At 
full throttle, owing to the low vacuum prevailing in the intake manifold, 
practically no exhaust gases are drawn through the jacket so as to avoid 
detrimental overheating with loss of power and possible detonation. 

Improvements in the Model 2A-2,500 Engines over the Model 
lA-2,500 Engines 

Cylinders. — In the 2A-2.500 engines the cylinder head has been increased 
in overall depth by pj. inch, which yielded about a 50 per cent improvement 
in rigidity. 

Timing Gears. — As in the model 2A-1,500 engines, changes have been 
incorporated which permit the entire timing gear train to be removed 
without removing the cylinder blocks or taking the engine out of a plane 
in the ordinary installation. 

Gasoline and Oil Connections. — The oil ‘“in” and “out” connections on 
the model 2A-2.500 engine arc made to receive 1 J4 inch I. D. hose instead 
of the one inch 1. D. hose connections employed on the model 1A-2,5(X 
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engines. The oil “in” connection has been changed from the front of the 
strainer compartment to the underside to simplify piping on the average 
plane installation. The oil gauge connection is formed by a ^.-inch hose 
nipple integral with a two-bolt flange fitting provided on the left rear 
motor support arm as in the 2A -1,500 engines. The gasoline connection 
(except when the Wright Viking pump is used) is formed by a J^-inch 
liose nipple integral with the two-bolt flange fitting provided on the rear 
crankcase wall on the right hand side. 

Ignition Distributor Drives. — As in the 2A-1,500 engines, the model 
JA-2,500 engine ignition distributor drives have been removed from the 
i enter of the camshaft and are now driven off the camshaft drive side gear 
upper. 

Oil Pump Screen. — The 2A-2,500 engines are provided with a screen 
extending the full length of the oil pan which prevents foreign particles 
fioni reaching the two oil scavenging pumps. In addition to the screen 
extending over the oil pan an additional pressure screen with a self- 
contained bypass valve is mounted in a compartment formed in the oil pan 
or crankcase lower half, this screen being located between the oil pressure 
pump and the oil pressure manifold feeding the hearings 

Carburetion. — 'The model 2A-2.500 carburetors are practically identical 
with the model 1A-2.500 carburetors except for slight changes in settings. 

Exhaust-Heated Intake Manifolds. — The intake manifolds are provided 
with exhaust-heated jackets similar to the model 2A-1,500 engines as de- 
scribed above. The provision for a passage for this exhaust gas to the 
manifolds necessitated revised valve housings incorporating four-holt 
flanges for attachment to the manifolds instead of two-bolt flanges used 
on the lA-2,500 engines. 

Crankcase Upper to Lower Half Studs. — The studs uniting the upper 
and lower half of the crankcase were increased to inch to provide a 
more rigid attachment replacing the inch studs employed on the 

lA-2,500 engines. 

In order to provide a passage for the exhaust gas to the intake manifold 
jacket it has been necessary to revise the valve housings on the model 
2A-1,500 engine, a four-bolt flange being used for the attachment of the 
intake manifold as compared with the two-bolt flange used on the model 
1 A- 1,500 engine. 

Rating. — The model 2A-1.500 engine, having successfully completed 
a 50-hour Navy endurance test with wide-open throttle at 25 r.p.m., is 
rated at 600 horsepower at 2,500 r.p.m. or 525 horsepower at 2,100 r.p.m. 
The model 1 A-1,500 engines should not he run at sustained speeds in excess 
of 2,100 r.p.m.; and the model 2A-1,500 engines should not be run at sus- 
tained speeds in excess of 2,500 r.p.m. 

Improvements in the Model 3A-2,500 Engines over the Model 

2A-2,500 

Crankcase and Main Bearings. — Model 3A-2.500 crankcase and main 
hearing cap construction is similar to the model 2A- 1,500 engine. The 
main bearing caps are attached to the crankcase by means of long through 
holts, the upper ends of which pass through crabs which engage the 
cylinder hold-down flanges. Each pair of main bearing bolts is arranged 
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with an included angle of 60 degrees, the bolts being parallel to the cylinder 
axis and the bolting surfaces between the bearing caps and the crankca^- 
upper half arc square with the axis of the bolts, thus giving a wedge-like 
appearance to the bearing caps and contributing greatly to the stiffnes- 
and rigidity of the structure. With this arrangement the explosion load- 
arc carried from the cylinder to the main bearing caps practically entireh 
through steel bolts, the crankcase walls serving as compression members 

Cylinders. — In the model 3A-2.500 engines, the exhaust valve seals 
are of Delhi Hard steel, and are pressed into the cylinder head and retained 
by having their upper ends expanded in boiler-tube fashion. 

Magneto Mounting and Drive. — In model 3A-2,500 engines using two 
Scintilla magnetos for ignition, the magnetos are mounted on brackets 
formed integral with the crankcase, and the magnetos arc driven through 
flexible adjustable couplings by short shafts carrying bevel pinions, mesh- 
ing directly with the driving gear formed integrally on the camshaft center 
driveshaft. The short driveshafts are each mounted on two ball bearings 
This construction dispenses with the separate magneto bracket formerh 
used, and results in a saving of weight and space as well as the elimination 
of the spool gear needed with the former construction. 

Oil Pump Suction Strainer. — The oil suction strainer has been changed 
from the square-shaped screen used in former engines to a much larger 
cylindrical screen. Incorporated in the strainer housing is a spring- 
operated piston valve which automatically closes the passage leading from 
the “oil in” connection to the strainer compartment when the cover is 
removed for the purpose of cleaning or examining the strainer. When the 
cover is replaced, this valve is positively opened so as to restore the flow 
of oil. This permits the examination of the screen without draining the 
oil tank. 

Oil Out Thermometer Connection. — The “oil out” elbow is furnished 
with a tapped boss to receive a standard theremometer connection, eliminat- 
ing the necessity for providing a thermometer well in the “oil out” hue 

Two-Way Oil Pressure Relief Valve. — The oil pressure relief valve has 
been modified by the addition of a small valve set in the head of the main 
valve and opening in the opposite direction. This auxiliary valve is main- 
tained on its seat by a light spring and its purpose is to permit the flow of 
oil through the scavenging pump discharge line, back into the oil pressure 
manifold, whenever the pressure in the scavenging discharge line exceeds 
the pressure in the main pressure pump discharge line. This condition 
arises in very cold weather, when the scavenging pump builds up consider- 
able pressure in attempting to force the oil remaining in the crankcase from 
previous running back through the oil cooler and into the oil tank. At the 
same time, the pressure oil pump suction line is usually filled with congealed 
oil when first starting up the engine, preventing the pressure oil pump 
from functioning during the first few minutes of cold weather running. 
Under these conditions, the auxiliary oil relief valve permits the scaveng' 
ing pumps to serve as pressure pumps, so long as oil remains in the crank- 
case, and thus protects the engine during the warming-up period. I* 1 
extremely cold weather it will be quite feasible to add oil to the crankcase 
through the breather to permit the scavenging pumps feeding oil to the 
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hearings for a longer period than would be permitted by the normal supply 
of oil at the conclusion of a run. C are should he taken, however, that the 
amount of oil introduced into the crankcase through the breather does not 
exceed the amount necessary to bring the oil tank supply up to its maximum 
capacity. 

Carburetor Settings. — The Stromberg NAS-12 carburetors on the model 
A -2,500 engines are supplied with slightly different settings than used 
<>n former engines. 

These settings are as follows : 

Chokes — bore 
Mam jet size No. 36 
Discharge nozzle 
Bore—D" 

Rose type head dia. — 1 iV' 

Air bleed hole — No. 47 
Main discharge noz/le stud 
Main hole--J4 w ‘ha. 

Four upper holes — No. 48 drill 
Six lower holes— No. 42 drill 

Valve Housing Covers — The model 3A-2.500 valve housing covers have 
been modified at the rear end to provide a wider flange and better gasket 
condition than obtained on the former engines. This change necessitates 
a similar change on the flange of the camshaft side drive gear housing. 

Screw Tappet Adjustment. — Tappet clearances on the model 3A-2.500 
engine are adjusted by threaded tappets instead of the shim adjustment 
previously used. The arrangement is similar to that described on page 36 
as used on the model 2A-1.500 engine. In order to decrease the clearance, 
both the upper and lower nuts are turned to the right. To increase the 
clearance, the nuts are both turned to the left. It is of extreme importance 
t hai the lower nut he securely tightened after making an adjustment, and 
it is advisable to make a double check on this point. Standard tappet 
‘ learance on the 3A-2,5(X) engine is the same as in former engines, namely : 

Inlet valve* tappet clearance 025 to .028 

Exhaust valve tappet clearance 038 to .041 

Crankcase Breathers. — One large breather is fitted to cither side of the 
crankcase at the center crankcase support in place of the two breathers at 
cither end of the crankcase formerly used. The new breathers are consid- 
erably higher, and this change was made to eliminate loss of oil through 
the breathers at high speeds and also to prevent interference with plane 
M nurture. 

Oil Gauge Connections. — The connection for the oil pressure gauge on 
the 3A-2.500 engines consists of a two-bolt steel forging forming a hose 
connection and mounted on the rear wall of the crankcase. This connection 
registers with a passage communicating with the center camshaft drive- 
shaft upper bearing. In previous engines the oil gauge connection was 
taken off the front end of the main longitudinal pressure manifold and it 
was necessary to run a gauge line the entire length of the engine in order to 
secure a suitable connection at the rear end of the engine. 


Accelerating well screw 
No. 10 drill — large hole 
No 52 drill — small hole 
Idling tube assembly 
Jet size — No. 38 drill 
Idling air bleed 
Drill size — No. 56 
Idling discharge jet 
Drill si/e— No. 32 
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Crankshaft Oil Thrower. — A large diameter centrifugal type oil thrown 
has been substituted for the felt washer formerly used on the model 2.' 
2,500 direct-drive engines. This construction insures freedom from oil leak 
age at the front end of the crankcase and eliminates maintenance work ii 
replacing worn felt washers. 

Starting Jaw. — The crankshaft gear support has been changed to receive 
a slightly different form of starting jaw so as to permit installation of ham, 
or electric starters of any of the well-known types with no change othci 
than the starting jaw designed for that particular eejuipment. Previnusb 
an adapter casting had to be furnished on certain installations to niouni 
certain types of starters. 

Cooling Fins on Crankcase Lower Half. — On the model 3A-2,500 engine, 
cooling fins have been added to the under surface of the crankcase lower 
half or oil pan in order to assist in cooling the oil. It is considered a<his- 
able in airplane installations to insure a certain amount of air circulation 
over these surfaces. About ten square feet of cooling surface have been 
added in this fashion, and, assuming that the requisite air circulation is per- 
mitted over this cooling surface, it is permissible to reduce the external oil 
cooler from about 40 square feet to about 30 square feet of capacity on 
this account. 

Camshaft Drive Center Gear Shims. — On previous engines shims have 
been used to obtain the correct backlash between the camshaft drive centei 
gear and crankshaft gear. These shims ha\ e been placed between the cam- 
shaft drive center gear upper bearing and crankcase. 

On the 3A-2.500 engine these shims have been removed and the correct 
backlash of the above mentioned gears is obtained by means of a correct 
thickness thrust washer which replaces the washer used on previous en- 
gines between the camshaft drive center gear and upper bearing. 

On account of the limits in manufacture of the various parts, the thick- 
ness of this washer varies with different engines, and provision has been 
made for this bv specifying several washers of varying thicknesses from 
which one can be selected for the correct backlash. After the correct w asher 
has been selected the thickness of same is etched on the face of the washer, 
so that in rare cases of replacement the correct thickness washer can be 
drawn from stock. 

Water Pump Shaft. — On some of the previous engines water found it^ 
way into the engine through the lower hole drilled in this shaft to provide 
lubrication at the bearing adjacent to the impeller, the oil for this lubrica 
tion coming from the upper bearing. Experience to date has proven that 
it is not essential that this bearing lie lubricated in this manner and for this 
reason the lower hole has been removed which will prevent any possibility 
of water getting into the engine through this hole. The water pump sha!‘ 
is provided with two bearings, both above the one referred to, which gh 1 
it proper alignment, and the lower bearing being very close to the watv 
pump packing, which has lubricating qualities, will receive lubrication fror. 
this source. 
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Model and Rating of Engine 

Model 

Rating at 2000 rpm 

Rating at 2100 r.p m 

Rating at 2500 r.p m 

General Form 

Bore 

Stroke 

Number of Cylinders . 

Total piston displacement. 

Rated rpm 

Cylinder arrangement 

Cooling 

Compression volume ratio 

Crankshaft 

Firing order 

Overall length (direct and inverted) . . 
Overall length (geared) . . . 

Journal diameter . . 

Cratikpm diameter .. 

Number of hearings 

Number of crank llnows 


Propeller Hub 

Type 

Dimensions : 

Outside diameter of flange.. 
Width between flanges. . .. 

Diameter hole in propeller. . 

Bolt circle 

Numlier of holts 

Si/e of bolls 

Connecting Rods 

1 .eiigth center to center . . . 

Type 

Material 

Gun Control Drive 

Type 

Camshaft 

Length 

Number 

Diameter 

Valve action 


2A-1500 

2A-2500 

800 BHp. 

525 Blip. 
600 B.Hp 




5'/." 

6 'A* 

i 2 

12 

1530 4 tu in. 

2530 55 eu. in. 

2100 

2000 

00 deg Vec 

o0 deg. Vce 

Water 

Water 

5 1 1 or 5 5 1 

5 1 1 or 5 7:1 

Ol (i 1 


1 R-21.-5K- 


4 1.-3 R 

53-/." 

f»3‘ *" 

39 C" 

4M?" 

.1 00" 

3.50" 

2 50" 

3 25" 

7 

7 

0 

0 

D &- V 73' ? 11, v 

J> & V 135 lbs. 

G 04 lbs. 

G. Ill lbs. 

Sphned fit on 

iranksbaft with split 

centering cones 

10" 

12" 

5L" t«» 7" 

7L" to 9" 

3U" 

4K«" 

8" 

9" 

8 

8 

7 /' dia. 

■Vh" dia. 

r 

11" 

Articulated 

Articulated 

Chrome 

Vanadium Steel 

Two Nelson type dri\e& are provided 

384 

46" 

0 

2 

1" 

Li 1 /' 

("am followers 

arranged with vertical 


stem guide 


Pistons 

Material Aluminum alloy Aluminum alloy 

Type Slipper Slipper 

Wristpins 

Retaining device Snap rings Snap rings 
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Cylinders 

Material 

Cylinder barrel, head and jacket 


Valve Seats 

Material 

Form 

Valves 

Number per cylinder 

Form 

Material 

Scat angle 

Lift of inlet valve 

Lift of exhaust valve 

Diameter of inlet valve port... 
Diameter of exhaust valve port 

Valve Springs 

Type 

Number per valve 


Valve Timing 

Inlet Opens 

Inlet Closes 

Exhaust Opens.. 
Exhaust Closes... 

Camshaft Gear Train 

Type 

Ignition 

Type 


Alternatives 


Carburetor 

Vendor 

Type 

Number 

Choke 

Main Jets 

Altitude control means 

Intake Manifolds 

Type 

Crankcase 

Type 


0 40 carbon steel 

Steel individual assemblies. Valve port 
formed in aluminum valve housing C \ 
tending over six cylinders. 

2A-1500 2A-2500 

Steel Steel 

Integral with Cylinder head 


Four Four 

Tulip Type Tulip Type 

Inlet lligh Tungsten Steel. Exhaust 
Silchromc 


45° 

A" 

H" 

iti" 

W 


45° 

/" 

i 

2iV' 
2 A " 


Multiple Helical 
7 piano wire springs 
arranged concen- 
trically 


Multiple Helical 
10 piano wire springs 
arranged concen- 
trically. 


10° after top D C 
45° after hot. D.C. 
48° before hot DC. 
8° after top D.C. 


10° after top DC 
45° after hoi DC 
48° before hot. D ( 
8° after top D C. 


See text 


See text 


Two Delco battery ignition distributors 
at rear of engine driven from the cam- 
shaft drive side gear upper 
Two Model AH-12D Scintilla Magnetos 
mounted on bracket bolted to rear end of 
crankcase— driven by flexible couplings 
Sphtdorf or Scintilla Double Magneto 
mounted vertically in the Vee with sep- 
arate distributor drives. 


Stroinbcrg Motor Devices Co. 
NA-Y6P NA-S12 

2 duplex 2 single 

Hi" 3/ 8 1 " 

40 36 

Back suction on float chamber 


Exhaust Heated 


Box section type Box section type 
parted below the parted below the 
center line of the centerline of the 
crankshaft. Special crankshaft. Mam 
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Water Pump 

Type 

Ratio of crankshaft speed to pump speed 

Gland type 

Driving train 

Oil Pump 

Type 

Capacity at 1800 R1\M 

Fuel Pump 

T> pe 

Lubricating System 

Pressure 

T> pc 


design incorporat- hearings supported 
ing through holts by caps, 

parallel with cylin- 
der axis. 


Centrifugal Centrifugal 

1 to \'/i 1 1/12 

Wreiuh adjusted stuffing box 
Page .... 

2A-1500 2A-2500 

Triple Gear Triple Gear 

2400 lbs per hour 2400 lbs. per hour 


Wright Viking or U. 
S A S gear pump 


II S A S. C-3 
gear pump 


75 to 100 lbs. per xq. in. 

Dry sump system with triple gear oil 
pump mounted in unit with screen in 
lower half crankcase, screen extending 
full length of oil pan to protect 
scavenging pumps 


Overall Dimensions 


Center 

to center of engine hearers 

15.14" 

18J4 

( )verall 

length 

05 ns " 

73 4 j 

Overall 

height 

37?4" 

42 1 1 , t 

Overall 

width 

207/ 8 " 

30 K: 


Weight of engines (dry) 

Model 2A-1500 direct drive... 
Model 2A-1500 geared drive... 
Model 2A-1500 Inverted Drive 
Model 2A-2500 Direct Drive 
Model 2A-2500 Geared Drive.. 


With two Scintilla Magnetos with Dclco 
41 j" Generator. 

;! 7o0 lbs. *750 lbs. 

880 lbs. 870 lbs. 

*780 lbs. *770 lbs. 

*1100 lbs. *1150 lbs. 

1380 lbs. 1370 lbs. 


(‘) No propeller hub. 


The model 2A-1500 direct drive and inverted drive propeller huh assembly weighs 20 lbs. 
The model 2A-2500 direct drive propeller huh assembly weighs 30 lbs. o/. 


STANDARD ADJUSTMENTS 



Model 

2A-1500 

Model 

2A-2500 

Inlet valve tappet clearance 

.020"- 

-.023" 

.025"- 

- 028" 

Exhaust valve tappet clearance 

.020"- 

-.023" 

.038"- 

-.041" 

Inlet valve opens 


10° after 

• top D C. 


Inlet valve closes 

45° after bottom D.C. 

Exhaust valve opens 

■ . 48° lx* fore 

bottom D. 1 

C. 

Exhaust valve closes 


8° after 

top D C. 


'EM immum water outlet temperature 

120° 

Falir. 

120° 

Fahr. 

Maximum water outlet temperature 

180° 

Fahr. 

180° 

Fahr. 

'Minimum oil inlet temperature 

110° 

Falir. 

110° 

Fahr. 

Maximum oil outlet temperature 

200° 

Fahr. 

200° 

Fahr. 

Minimum oil pressure at 1000 r.p.m 

40 

lbs. 

40 

lbs. 

Minimum oil pressure at 2000 r.p.m 

50 

lbs. 

50 

lbs. 

Maximum oil pressure at 1000 r.p.m 

100 

lbs. 

100 

lbs. 

Maximum oil pressure at 2000 r.p.m 

100 

lbs. 

100 

lbs. 
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STANDARD ADJUSTMENTS— Continued 


Tgn. full advance— 5.5 1 comp ratio 35 degrees 

Ign. full advance — 5.1 comp, ratio 40 degrees 

Magneto contacts should open .010" — .012" 

Ignition distributor contacts should open .014" — 016" 

Sparkplug gap .014" — .016" 


44 degrees 
50 degrees 
010 "— 012 " 
.014"— .016" 
.014" — 016" 


(*) For most satisfactory results. 


VALVE SPRING LOADING 




Model 2A-1500 

Model 2 A -2500 

Inlet valve spring assembly 

Valve open 


82 6 lbs. 

00 11, s. 

Valve closed .. .. 


42 0 lbs. 

48 lbs. 

F.\haus1 valve spring asscmhlv 

Valve open 


76 8 lbs. 

00 lbs. 

Valve closed 


42 0 II s 

48 lbs. 

STANDARD CLEARANCES 

Model 2 A- 1500 

Model 2 A -2500 

Piston skirt clearance in cylinder 


016"- - .017" 

.021"-- 023" 

Master rod hearing clearance on 

( on dia 

002" 004" 

003" .005" 

crank pin 

( endwise 

008"— 020" 

008"— 020" 

Link connecting rod hearing clear- 

fnn <l«a 

0005" 002" 

.0005" — 002" 

a nee 

( endwise 

004" — 008" 

004"-- 008" 

Main hearing clearance 

j on dia 

0025"— 0045" 

0025"— 0045" 

( endwise 

* 0625" nominal 

* 0025" — nominal 

Camshaft hearing clearance. . 

on dia 

0015"— 0035" 

.0015"— 00*5" 

Camshaft drive center shaft upper 

hearing clc.ir.uu t*. . . 

on dia. 

.0015"— 0035" 

.0015"— 0035" 

Camshaft drive center shaft lower 

( on dia. 

001 5"— 0035" 

0<)15" — 0035" 

hearing clearance 

( endwise 

OOP"- 010" 

.000" - 010" 

Camshaft drive side gear upper 

( on dia 

0015"— 0035" 

.0015"— 0035" 

hearing clearance 

/ endwise 

000" - 010" 

.006" - 010" 

Camshaft drive side gear lower 

foil dia 

.0015"- 00.15" 

0015"- -0035" 

hearing clearance 

i endwise 

006"— 010" 

.006"— 010" 

Water pump gear hearing clearance 

(on dia 

.001 5"— .00.15" 

.0015"— 0035" 

| endwise 

.006"— .010" 

000"--- 010" 

Piston ring gap 


.02125" 04125" 

.02125"- -04125" 

Up and down ring clearance 

Top ring 


003" - 0035" 

003"- - 0035" 

Center ring 


.0025"— .003" 

0025"— .003" 

Lower ring 


.002" -.0025" 

.002"— 0025" 


(*) Crankshaft on direct engines is located by propeller thrust bearing, slums being 
provided to locate the shaft correctly. 


Unpacking. — Packard aircraft engines are shipped in substantial wooden 
boxes with suitable identification stenciled on the outside. One end of the 
box is fastened with wood screws, whereas the remaining sides are nailed 
and should not be disturbed. To remove the engine from the case the end 
cover fastened with wood screws should first he removed. Following this 
the ten lag screws (four on each side and two on the end) which fasten the 
“skid” on which the engine is mounted, to the inside of the case should 
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be removed. The skid with the engine attached can then be pulled out 
from the packing case. 

The bolts holding the engine to the top sills of the skid should be re- 
moved after carefully unpacking the tool kit and other miscellaneous ma- 
terial shipped with each engine, and which should be checked off the pack- 
ing slip. A substantial sling should be passed around the engine for hoist- 
ing purposes. Tf no starter is mounted at the rear end of the engine it is 
nd\isable to fasten a couple of pieces of flat stock under the two lower 
screws retaining the cover over the crankcase starter opening to prevent the 
rear bight of the sling from slipping off the crankcase when raising the 
engine. The forward bight of the sling can be passed under the nose of 
the engine of either the direct or geared type without fear of this end of 
the sling slipping off. 

Inverted engines are shipped and handled in the same manner as direct 
engines, that is to say, with the cylinder banks upright; the only extra 
precaution necessary in handling the inverted engines is to guard against 

011 entering - the electrical apparatus, which should be inspected and cleaned 
if necessary, after the engine has been inverted to its operating position. 

Preparing Packard Engines for Service.- — Assuming that an engine has 
been idle for a considerable period it is advisable to make a careful inspec- 
tion as outlined below before attempting to start the engine. Remove all 
sparkplugs and insert a small quantity of oil in each cylinder. Turn the 
engine over by band to insure spreading the oil over the cylinder bores, 
(dean the sparkplugs, or renew same if necessary, and check the sparkplug 
gaps to be about .015 inch. 

Remove the valve housing covers and clean off traces of moisture or 
gummy oil and lubricate all moving parts generously with an oil can. 
Tighten down all cylinder to valve housing hold-down nuts. Special 
wrenches are furnished in the tool kit to fit these nut, there being 30 to 
each hank of six cylinders. These are arranged in three longitudinal rows, 
the inner and outer row of nuts seating in counterbores in the valve housing 
top surface and some of the center row of nuts serving to hold down the 
camshaft hearing pedestals. It is important that these nuts he drawn down 
firmly and with equal pressure. Check tappet clearance and adjust, if neces- 
sary, performing this work after tightening clown the valve housing nuts 
as explained in the previous paragraph. 

Replace the valve housing covers, being careful to locate the gasket in 
ts correct place. It is advisable to remove the tachometer driver before 
replacing the camshaft cover in which this unit is mounted. After replacing 
'he cover the adapter for the tachometer drive can he screwed home and 
a screwdriver should he used to ascertain that the driving shaft is free in 
ts hearing and lined up correctly with the driving dog mounted on the end 
>f the camshaft. 

Ignition contacts should he examined and cleaned, if necessary. If 
magneto ignition is used the contacts should he adjusted to .010 inch to 

012 inch gap and care should he taken to insure the contact surfaces being 
parallel and perfectly clean, free from oil. If generator ignition is used, 
'he contacts should be set .012 inch to .014 inch. It should he noted that 
(he magneto contacts are of platinum alloy and can he readily filed, but the 
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generator ignition contacts are of tungsten and can only be smoothed will 
a carborundum stone. The distributors should be examined for being clear 
and drv and the distributor rotor should be inspected for being tight on it 
shaft and the center carbon brush in the distributor should work freeb . 

The oil screen should be taken out and cleaned. All wiring and connec- 
tions should be carefully examined for being tight and sound. The 
carburetor screens should be taken out and cleaned after removing 
the square head retaining plug on top of the carburetor. The carburctui 
throttles should be examined for being synchronized. Tt is more important 
that the throttles should close simultaneously rather than that they should 
both be strictly vertical when wide-open. However, there should be not 
much discrepancy in the wide-open position. Gasoline piping up to the 
carburetors should be checked for leaks, pumping up pressure by hand, if 
necessary. The water system should be carefully gone over for evidence 
of leaks, loose hose clamps, or rotted hose connections. In checking over 
a new installation every possible precaution should be used to insure free- 
dom from air locks in the system, which can sometimes be located by “gurg- 
ling" sounds immediately after the system has been filled with water. 
Engine bearer hold-down bolts and propeller hub bolts should be care- 
fully examined for being tight and safetied. Spark, throttle, mixture, radia- 
tor shutter, and gasoline shut-off controls should all be carefully examined 
for being free and properly safetied. 

Starting the Engine. — Before starting a new engine or one which has 
stood idle for some length of time, it is advisable to inject a small quantity 
of lubricating oil (about % of a teaspoonful) through a sparkplug opening 
in each cylinder. With the ignition switches “off" crank the engine oxer 
a few times to distribute the oil over the cylinder walls. He sure that the 
cooling system is full of water, all drain plugs securely closed and an ample 
supply of oil and gasoline in their respective tanks. 

It is advisable, if possible, to secure a supply of hot oil and hot writer 
for the engine to be poured in just before starting the engine in extremely 
cold weather. The hot water will serve to assist vaporization of the fuel 
and lower the viscosity of the oil on the cylinder Avails so as to promote 
easy cranking. The hot oil will insure a ready flow of oil between the oil 
tank and the oil pumps and will prevent excessive pressure being generated 
due to congealed oil in the pipes and oil cooler. Under these extreme cold 
weather conditions it is preferable to prime each cylinder separately through 
a sparkplug opening with about *4 teaspoon ful of ether or a mixture of 
ether and high test gasoline. All twelve cylinders should be thus primed 
to insure a prompt start. 

In moderately cold weather, with a cold engine about three or four 
operations of the primer should be sufficient to insure excess fuel for start- 
ing. Excessive use of the primer will result in washing the lubricating oil 
off the cylinder bores with consequent possible damage to the pistons ami 
cylinders due to lack of lubrication. In warm weather or when the engu 
is warm it is advisable to use the primer sparingly, if at all, far once th* 
engine becomes saturated with an over rich mixture of vaporized fuel it . 
extremely difficult to obtain a prompt start. Should the engine give a fe\ 
intermittent explosions, expelling black smoke when starting up, it is a sip 
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sign of an excessively rich mixture. When an engine becomes “loaded” in 
this fashion and fails to start after repeated cranking, it is advisable to turn 
the engine over backwards by means of the propeller for four or five revolu- 
tions, thus permitting the drawing in of pure air through the exhaust ports 
and leaning down the excessively rich mixture in the cylinders. The engine 
should then start promptly after cranking ahead for two or three revolu- 
tions. 

Starting with Magneto Ignition. — It is necessary to crank the engine at 
a rate of about 30 or 40 revolutions per minute in order to obtain a sufficient 
spark from the engine magneto to insure a prompt start. Therefore, when 
the engine is cranked over by the ordinary form of geared hand crank or 
an electric starter of the conventional type it is necessary to provide the 
auxiliary sparking means of the hand crank or “booster” magneto to com- 
pensate for the slow cranking speed. This magneto is connected to a 
“trailing” brush on the high tension distributor and this automatically in- 
sures safety in cranking by supplying a shower of sparks in a well-retarded 
position . Therefore, when cranking the engine over slowly in order to 
start, the booster magneto should be operated briskly, and when starting a 
cold engine it is advisable to continue operating the booster until the en- 
gine has picked up several hundred r.p.in. 

When cranking the engine over, the magneto switch should be placed 
in the “both on” position and the spark control advanced about one-half 
way. The throttle should be barely cracked unless it is thought that the 
engine is loaded with a rich mixture, in which case better results will be 
obtained by opening the throttle a fraction of its travel. With starters of 
the “inertia” type it is generally possible to start the engine on the main 
magnetos without the use of the hand crank magneto. However, one of 
the latter instruments should be always available for emergencies. 

Starting with Battery Ignition. — The engine must never be cranked by 
hand with the ignition switch “on” unless the starting crank is provided 
with an efficient anti-kick device. With the inertia type hand starter or 
any electric starter it is of course, necessary to have the ignition switch 
“on” with the spark control full retarded. In case it is necessary to start 
the engine regularly by means of the propeller, a battery buzzer coil or 
a hand crank magneto should be used to deliver a delayed spark to the 
trailing brush of the distributor and in this event the engine must always be 
started on “compression.” That is to say, the engine should be turned 
over a few times with the switches “off” and then with everybody clear the 
buzzer or hand crank magneto should be operated, this procedure being re- 
peated until the engine starts. 

After the Engine Starts. — It is advisable to advance the spark at least 
half way as soon as the engine has fired a few times. Then, after a few 
seconds of idling the spark lever can be retarded in order to warm the en- 
gine up more quickly. As soon as the engine starts the oil pressure gauge 
hould be carefully watched and the engine throttled to not over 500 or 
r >00 r.p.m. until at least twenty pounds pressure is indicated on the gauge. 
Under no circumstances should an engine be run for move than 30 seconds 
without an indication of some oil pressure on the gauge. Failure to observe 
this precaution will almost invariably result in serious damage to the en- 
gine. 
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The engine should not be speeded up until at least 40 pounds pressun 
is indicated. The throttle may then be gradually opened and the span 
advance may be set to give the maximum revolutions. When the watu 
outlet temperature has reached about 120 degrees Fahrenheit or 50 degree 
Centigrade, the throttle may be opened up wide to check the functioning 
of the engine on the ground under these conditions. The r.p.m. obtained 
will, of course, depend upon the propeller characteristics and may van 
from 1,500 r.p.m. to 1,800 r.p.m., depending upon the requirements. 

If the engine fails to come up to the desired r.p.m. and is more than 5o 
r.p.m. lower than is expected the plane should not be flown until the cau.se 
has been determined. While running with the throttle wide-open the in 
dividual ignition switches should be tried and the engine should function 
equally well on single ignition either right or left with possibly the los^ 
of 25 or 50 r p.m. as compared with operation on “both'’ ignition. The 
engine should not be run with wide-open throttle on single ignition am 
longer than necessary to determine that each ignition system is functioning 
Running the engine wide-open on single ignition promotes detonation and 
is therefore injurious to sparkplugs and valves The throttle should he 
held wide-open only long enough to insure that ever\ thing is functioning 
properly and in the case of a new plane it is ad\ isable to continue this opera- 
tion until the water outlet temperature has reached 180 degrees Fahrenheit 
so as to guard against a steam trap being formed at the higher temperature 
in the water system. E\ulence of a steam trap or faulty circulation is 
shown by the water outlet thermometer rising very rapidly whereas the 
water inlet thermometer rises slowly. 

The “oil out” thermometer should also be carefully watched and this 
thermometer should at no time indicate an oil temperature of more than 
twenty degrees Fahrenheit or eleven degrees Centigrade, higher than tin* 
water outlet thermometer reading. It is, of course, important that both 
water and oil thermometers register about the same reading- after the plane 
has stood idle for a considerable length of time. While the engine is oper- 
ating at full throttle it is advisable to check all controls, the spark, throttle, 
mixture and radiator shutter controls to observe that these work with pci - 
feet freedom under approximately flying conditions. Should it be found 
necessary, especially on a hot day, to run the engine for a considerable 
period of time on the ground, thus heating up the oil and water to an exces- 
sive degree, the engine should be throttled to about 500 to 600 r.p.m. in order 
to cool down the water and oil before taking-off. Under these conditions 
the water outlet temperature should be between 120 and 140 degrees Fah- 
renheit, or between 50 and 60 degrees Centigrade. 

Stopping the Engine. — Except in emergency it is always advisable to 
stop the engine by closing the throttle gradually, shutting off the gasoline 
supply and allowing the engine to continue to run until the carburetor ^ 
become drained. Then, just as the engine is about to stop firing, the thros- 
tle should be quickly opened wide and the ignition switches turned off. 

Care of Models 2 A- 1,500 and 2A-2,500 Aircraft Engines. — After ea«. 
flight the engine should be given a general surface inspection and prepare 
for immediate flight. General surface inspection is meant to be construe 
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as careful inspection of propeller hub lock nuts, propeller hub bolts, engine 
hold-down bolts, cylinder hold-down nuts, hose connections, ignition wir- 
ing, and spark and gas control linkage. The sparkplugs need not be re- 
moved unless previous operation indicated trouble in this connection, but 
it is advisable to check all plugs for being tight in the cylinders. During 
cold weather the water should be drained from the engine, by removing 
the plug at the bottom of the water pump inlet connection; if the engine 
is to be idle long enough to freeze, unless proper anti-freeze solutions are 
used. 

After Every Twenty Hours of Engine Operation. — Following every 
twenty hours of engine operation a very complete inspection should be 
made; this inspection should include the daily inspection routine and the 
following additions: Clean oil and gasoline strainers. On the model 2A- 
1,500 engine the oil screen is located on the suction side of the pressure 
pump. On the model 2A-2.500 engine there are two oil screens to be re- 
moved and thoroughly cleaned ; one of these screens is located on the suc- 
tion side of the pressure pump, as in the model 2A-1.500 engine, and the 
other is mounted in a compartment in the crankcase lower half on the pres- 
sure side of the pressure pump. The gasoline strainers are located at the 
gasoline inlet connection and can he taken out after removing the square 
head retaining plug on top of the carburetor. Drain oil from lubricating 
system and refill with fresh oil. 

Inspect magneto breakers or distributor interrupters and adjust if neces- 
sary. Check tappet clearance and adjust any that vary more than .004 inch 
from the specified limits. Check compression. Tighten cylinder head to 
valve housing nuts and cylinder to crankcase nuts. On geared engines 
inspect and tighten, if neces^ar) , the bolts holding the reduction gear case 
to the crankcase. Remove sparkplugs' — clean and adjust gaps where neces- 
sary. Remove plugs from exhaust-heated intake manifolds and clean out 
exhaust passages. Drain and put in fresh water, being sure that the system 
is completely full and free from air locks. After 200 hours of engine oper- 
ation a complete overhaul is recommended. 

To Check Timing Without Disassembling. — In order to determine 
whether the engine is correctly timed without disassembling to verify gear 
relationships, a marked sector is provided integral with the rear camshaft 
hearing cap on each bank of cylinders. This sector bears three lines corre- 
sponding to two events in the cycle of cylinder No. 1 and one event in 
die cycle of cylinder No. 6. The timing of each bank is checked separately 
by its individual sector. The valve housing cover is removed and the en- 
gine rotated to bring the mark on the circumference of the camshaft gear 
in line with that on the timing sector marked “top dead center cyl. No. 1.” 
The position of the piston in cylinder No. 1 may then he checked in this 
respect and the engine rotated to bring the camshaft gear marking opposite 
die line marked “Exhaust close, Inlet open Cylinder No. 1“ on the timing 
ector. 

The piston of cylinder No. 1 should now be at the neutral point, that 
’■ s » the exhaust valve having just closed and the inlet valve about to open, 
an d the positions of the valves and camshaft for this cylinder may be 
* hecked. The engine is then rotated counter-clockwise to bring the cam- 
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shaft gear marking opposite the third line on the timing sector markt 
“spark full advance cvl. No. 6“ and the position of the distributor rotor rm 
breaker points can be observed to verify the correctness of the ignitm: 
timing for this cylinder. With these three events of the cycle checked hi 
both banks of cylinders, the engine may be considered properly timed. 

Grinding Valves Without Disassembling Cylinder Blocks. Care of 
Valves. — The running time of aircraft engines between overhauls is largeh 
a matter of the necessity for grinding valves, especially the exhaust valves, 
and it therefore pays, in order to insure long periods between overhauls, 
to watch the valve condition carefully and carry on such maintenance work 
as outlined below whenever conditions require this work to be performed. 
A sure check on the condition of the valves can be obtained by measuring 
and recording the tappet clearances, particularly the clearances of the ex- 
haust valve tappets. This inspection can be carried out by two men in 
about an hour and should be done at regular intervals, say every twenty 
hours of engine operation. A feeler gauge is inserted between the cam fol- 
lowers and the cam and whenever this clearance shows signs of closing up 
it is advisable to proceed further and ascertain the reason therefor. The 
clearances for the model 2A-1,500 and 2 A -2, 500 valves are given below: 


Model 2A-1500 inlet valves 018" to .021" 

Model 2A-1500 exhaust valves 018" to .021" 

Model 2A-2500 inlet valves 025" to 028" 

Model 2A-2500 exhaust valves 038" to .041" 


In case any of the clearances show a marked decrease the compression 
on that particular cylinder should be checked. A simple and sufficiently 
accurate method of checking the compression on these engines is to remove 
all the outside sparkplugs and check each cylinder in turn following the 
firing order on each block of 1-5-3-6-2-4, the propeller being turned slowly 
until the inlet valve on each of these cylinders is closing and then being turned 
briskly for somewhat less than onc-half revolution, the outside sparkplug 
opening being closed by holding one thumb over the opening. In this man- 
ner the compression in each cylinder should hold for several seconds, being 
released finally' hy r removing thumb from the sparkplug opening. Tn case 
any valves are “blowing” it is very simple to determine it in this fashion, 
and assuming that only one or two valves in the engine need attention it 
is advisable to grind the valves in without removing the cylinder blocks in 
the manner outlined below. In recommending this procedure, however, it 
should lie borne in mind that the utmost care should be used in following 
the instructions and this should he entrusted to skilled and experienced 
mechanics only. 

Grinding Valves Without Removing Cylinder Blocks. — Having deter 
mined, as outlined above, which particular valve needs grinding the cam 
shaft should be first removed, taking care to identify the position of the 
camshaft with relation to the crankshaft, it being desirable to have tin 
“o’s” on the camshaft gears correspond for this operation. After removing 
the camshaft disassemble the valve springs and upper collar from the valv 
to be ground, but do not remove the safety ring which prevents the vaiv* 
from dropping into the cylinder after the spring retainers have been r< 
moved. Now secure a clean length of about ten feet of one-half inch dian 
t 
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ctcr rope to be fed in through the sparkplug opening opposite to the valve 
which is to be ground in and insert sufficient of the rope in the cylinder to 
catch any particles of valve grinding compound which may subsequently 
he dropped off the valve seat. Needless to say, the free end of the rope 
.should be kept in the clear in order to remove same later. The grinding 
compound can be applied to the seat of the valve by allowing the valve to 
drop as far as the safety ring will permit and applying a small portion of 
valve grinding compound on the end of a screwdriver introduced through 
the near sparkplug opening. Great care should be used in only applying 
a sufficient amount of compound for the operation. 

The valve is ground in by means of a suitable tool clamped to the end 
of the valve stem and the necessary pressure can be applied either by pull- 
ing up on this tool or preferably by a simple forked lever used as a pry under 
the tool. Sketches of suitable tools will be supplied upon application by 
the engine makers. The compound can best be cleaned off the valve seat 
by inserting a rag through the sparkplug opening and catching same be- 
tween the valve seat and the cylinder, rotating the valve with the rag in- 
terposed and removing the rag and rotating the valve against its seat. Re- 
peat this operation until all the compound has been removed, as can be 
detected by the smooth seating of the valve on its seat. When it is believed 
that a good seat has been obtained the rope should be removed, the spark- 
plug inserted on the inlet side, and the compression tested by rocking the 
engine, using the thumb to close the outer sparkplug opening. If the valve 
continues to '‘blow” the grinding operation should be resumed and con- 
tinued until such time as n tight seat is obtained. In rocking the engine 
care should be used not to lose sight of the position from which it was 
moved as the crankshaft must later be restored to its first position in order 
to avoid losing the correct timing adjustment. Unless a valve has been 
neglected for too long a time it should be possible to perform the opera- 
tions outlined above in about three hours with two men, which represents 
a great saving of time as compared with removing the cylinder block. The 
success of the operation depends altogether upon preventing any valve 
grinding compound dropping on the pistons or the cylinder walls, and this 
can be avoided by packing the cylinder with plenty of rope and using the 
valve grinding compound very sparingly. 

Summary of Operations for Complete Tear-Down of Models 2A-1.500 
and 2A-2,500 Aircraft Engines. — 1. Remove carburetors and cross headers. 
On both the model 2A-1,500 and 2A-2.500 engines the carburetors can be 
lifted out as an assembly with the cross manifolds as shown in the photo- 
graph in Fig. 703 B, it being first necessary to remove all sparkplugs. 2. 
Remove valve housing covers, first unscrewing the tachometer drive 
adapter. When replacing the valve housing cover the tachometer adapter 
-hould be screwed in place last, taking care that the tank on the tachometer 
Uiving shaft engages the slot in the camshaft gear flange. 3. Remove 
amshafts, holding the camshafts in place by special “C” clamps until all 
amshaft bearing cap nuts have been taken of and then back of! evenly on 
,( >th C clamps to avoid springing the camshafts. 4. Remove camshaft side 
drive gear upper after taking nuts off flanged bearings. (Keep shims with 
earing by wiring them together.) 5. With geared engines remove reduc- 
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tion gear next. 6. Loosen hose clamps on valve housing oil drain tubes r. 
the front end and side drive housings at rear end and remove drain tube 
at front end. Disconnect crankcase to valve housing oil feed lines at re;r 
end of engine. 7. Loosen hose clamps on cylinder water inlets and remove 
cylinder water inlet manifold after loosening lower hose clamp at wate* 
pump outlet. 8. Remove ignition cable tube assemblies. 9. Remove the 
cylinder to crankcase nuts, using the special wrenches furnished with both 
the model 2 A- 1,500 and 2A-2.500 engines. 10. Roll the engine over 30 
degrees until the cylinder block on one side is in a vertical position. 

11. Lift cylinder block assembly by means of a sling passed under 
notched wooden blocks placed under each end of the \alve housing. Great 
care should be used not to cram]) the pistons by raising one end of the 
block higher than the other. The crankcase center studs should be pm 
tectcd with rubber hose before lifting the cylinder block assembly com- 
pletely so as to prevent the pistons from falling onto these studs as they 
are released from the cylinder bores. 

12. Roll the engine over hO degrees to bring the other bank of cylinders 
in a vertical position and remove this cylinder block in the same manner 

13. Remove the camshaft side gear lower assemblies and magneto or 
generator support, keeping each set of shims with its own assembly. 

14. Remove camshaft center drive gear assembly' after taking out the 
cap screw projecting through the rear end of the crankcase which holds 
the lower bearing in position (preserve shims in their proper position). 

15. Remove pistons by driving out piston pins with a special drift afier 
taking out the retaining snap rings. It will be noted that the pistons are 
marked with their respective numbers on the rear cross rib and care should 
be used m assembling in the same fashion. Warming the pistons up slightly 
will greatly facilitate removing the piston pins and this can be accomplished 
by apply ing cloths soaked in hot water to the pistons When re-assembling 
the pistons on the connecting rods the pistons can be immersed in a pail of 
hot water, after Avluch it will be found the piston pins can be slipped in 
place merely' by band pressure. 

lh. Roll the crankcase over bottom side up and remove the pump unit 
bodily. 

17. Remove the crankcase lower half or oil pan. 

18. Reniose main bearing caps, taking special note if all main bearing 
studs or bolts arc snug in the crankcase. Note that the bearing shells an* 
numbered on the rear or timing gear end of each bearing. Also note that 
the hearing shells carrying the oil grooves are located in the crankcase 
upper half, the half shells resting in the bearing caps having no oil groo\c*. 
in the hearings. 

19. Remove bolt from starting jaw. The starter jaw is provided with 
J^-twenty thread tapped hole and the puller body, supporting the head 
of a k^-inch cap screw, should engage the rear face of the crankcase and L 
this manner the jaw should be pulled off the crankshaft. 

20. Lift out crankshaft complete with connecting rods by means of chav 
falls and suitable slings to avoid damage to the shaft. Support crankshai' 
from bench rigidly by bolting one end in a vise between two pieces of woo* 
or soft jaws and supporting the other end from the floor by means of < 
suitable timber. 
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21. Remove connecting rods individually from the crankshaft, paying 
pecial attention to keeping mating parts together. It should be noted that 
; )( >th bearings and connecting rods are numbered toward the rear of the 
engine and great care should be exercised when re-assembling to get them 
di their proper locations. Tt is very important that the master connecting 
unis be fitted to the right bank of cylinders, the link rods being on the left 
when facing the anti-propeller end of the engine. 

Re-assembling the Model 2A-1,500 and 2A-2,500 Aircraft Engines. — In 
general the work of re-assembling the engine consists in following the 
,il>uve operations in reverse sec|uencc. However, inspections are necessary 
at frequent intervals to ascertain that the gaskets are in good condition 
and correctly located, timing gears have the correct backlash, and all bear- 
ings have their diametrical and end clearance in accordance with the limits 
outlined under heading “Standard Clearances.” It is extremely important 
that all oil passages throughout the engine be scrupulously clean and this 
should be determined by repeated flushing operations followed by blowing 
out with compressed air. 

Crankshaft Plug Assembly. — The crankshaft plugs in the crankpin jour- 
nals should be removed and the inside of the crankpins thoroughly cleansed 
during overhauling operations. Perfect cleanliness is essential and no 
waste or rags liable to deposit lint should be used in cleaning the parts of 
the engine, and all bearings should be liberally lubricated with an oil can 
when re-assembling. 

In replacing the piston pin snap rings it is very important that these 
rings should have the proper tension anti fit snugly in the groove provided 
m the piston boss. Any snap rings which can be easily turned after having 
been sprung into the groove should be rejected. 

When lowering the cylinder blocks in position over the pistons it will be 
found advisable to have No. 1 and No. 6 pistons on top center. The piston 
ring slots should preferably be arranged so that the top ring slot points 
toward the front of the engine, the bottom ring slot towards the rear, and 
the middle ring slot towards the center. With the rings arranged in this 
fashion it is possible to lower the cylinders over the rings without the use 
of a ring clamp, although it is highly desirable to make up a set of such 
clamps using about one inch by Viu inch sheet brass. 

It is advisable to repack the two stuffing boxes provided on the water 
pump, using for this purpose nonmetallic moulded packing as furnished by 
the engine manufacturer. The ignition wires should be carefully tested 
and inspected and if the rubber insulation has deteriorated to any extent 
t all the wires should be replaced. It is similarly advisable to replace all 
nose connections and this is especially true of gasoline hose connections. 

In re-assembling the engine a great deal of care should be taken in fol- 
'owing the markings of the various parts identifying their location. When 
•i stalling such parts as main hearings, main bearing caps, connecting rods, 
■istons, etc., where the question arises which way the part should face 
•'hen installed, it should be borne in mind that all such parts are numbered 
‘U those faces nearest to the rear or timing gear end of the engine. 

The cam followers, however, have numbers etched on their flat surfaces 
-way from the rubbing surface on the camshaft bearing. Valves have their 
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numbers etched on the upper end of their stems. The valve springs ai 
upper spring collars can be interchangeably used on all valves. The val . 
spring guide assemblies, however, have upright guides for the inlet vab .* 
springs, and spirally arranged guides for the exhaust valves to rotate dm 
ing operation. 

Removal of Cylinders from Valve Housing. — When overhauling the en- 
gine it is not necessary to remove the cylinders from the valve housing 
unless water leaks develop or either cylinders, valve housing or ga.sk 1 1 
require replacement. In this event, in re-assembling the cylinders to the 
valve housing it may be necessary to give the gasket a very light coating 
of white lead. Care must be exercised in tightening up the nuts gradual lv 
so as not to bind the doweled portion of the stud. 

After assembling cylinders to valve housing with camshaft bearings 
and both valve housing end castings in place the assembly should be tested 
for water leaks. This can be accomplished by introducing water at one 
of the cylinder water inlets after plugging the rest. Allow water to fill the 
cylinders and valve housing until overflowing out of the valve housing 
water outlet, then plug outlet. This method is necessary to prevent any 
air remaining in the assembly, thereby giving a false test result. With all 
outlets plugged the assembly should stand 30 pounds water pressure at 
water inlet without leaks. 

In assembling the cylinders to the valve housing it will be noted that 
there are two different types of cylinders depending upon the relationship 
between the water inlet pipe and the inlet and exhaust ports respectively. 
One type of cylinder is used on cylinders Nos. 1 , 3, 5 on the right bank and 
Nos. 2, 4, 6 on the left bank, this type of cylinder having the water inlet 
on the exhaust port side. The other type, having the water inlet on the 
inlet port side of the cylinder, is used on cylinders Nos. 2, 4, 6 on the right 
bank and Nos. 1, 3, 5 on the left bank. In ordering replacement cylinders 
it is necessary to specify the exact cylinder required, as “No. 3 right,” “No. 
4 left,” etc. No. 1 right and No. 1 left being the cylinders at the timing gear 
end. 

Tappet Adjustment. — With this arrangement of valves, cam followers 
and camshaft, it is necessary to synchronize the tappets on the same cam 
follower within .(X)3 inch. On the Model 2A- 1 ,500 engine the tappet clear- 
ance is adjusted by manipulating the upper and lower nuts on the tappet 
stud. To decrease clearance both of these nuts are turned to the right; 
to increase the clearance both of these nuts are turned to the left. After 
securing the desired adjustment, the two nuts should be securely locked 
against each other and the lock stamping engaged in either of the two slots 
in the cam follower which will place the stamping opposite a flat on the 
lower nut. The upper nut is locked by a cotter pin in the usual fashion 
It is very important that the upper nut be drawn very tight before inserting 
the cotter pin. 

On the Model 2A-2,500 Engine. — After determining the correct slm 1 
thickness, if same is less than .015 inch, it should consist of one shim am 
if more than .015 inch it may consist of two. The following shim thick 
nesses are available, .005 inch, .008 inch, .016 inch, .018 inch, .021 inch, .02- 
inch, .030 inch, .032 inch, .034 inch, .036 inch, .038 inch, .040 inch, .042 huh, 
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it is exceptional when any dressing of shims is necessary. After the 
tappets have been finally assembled, the nuts should be securely locked in 
place with cotter pins. 

Valve Grinding. — When overhauling the engine after removing the cyl- 
inder block and before removing the valves they should be tested for gas 
tightness. This can be accomplished by first removing the camshaft and 
cam followers, insuring seating of the valves by pounding lightly on the 
end of the valve stem. Then place the block on its side with the open ends 
nf the cylinder propped up sufficiently to allow pouring gasoline into the 
inlet and exhaust ports in succession. Any of the valves which show the 
slightest seepage of gasoline through the ports into the cylinder barrel after 
standing a few minutes should be removed and reground. Both the inlet 
and exhaust valves are identified by etched numbers at the upper end of 
the stem. These numbers run from one to twelve for both right and left 
hand banks and for both inlet and exhaust valves, these being of different 
design and not interchangeable, thus not requiring a different marking 
svstem. All valves are marked starting from the timing gear end, No. I 
valve being the outboard valve either inlet or exhaust or right or left. “R” 
or “L” indicates whether the valve belongs to the right bank or left bank; 
the odd-numbered valves being all located outboard; and the even- 
numbered valves being all located inboard. To assist further in identifying 
the valves the valve housings are stamped with the valve numbers on the 
upper face and immediately adjacent to the base of the valve springs. 

To remove the valve it is necessary to hold the valve up against its seat 
from the inside of the cylinder and depress the valve spring upper collar 
after which the keys can be removed. This will enable removing the spring 
assemblies. After removing the valve springs the valve lock ring just 
below the valve key rings can be pried out of position and the valve will 
then drop into the cylinder. In case the valve seats in the cylinder are 
pitted, they should be reseated with a reaming tool and any valves which 
show pitting on their scats should be trued up in a lathe or valve head 
grinder in the usual manner. It is very important when grinding the valves 
m to have the cylinder blocks placed in an inverted position with the valve 
stems hanging down so that the weight of the valve grinding tool will hold 
the valve on its seat. (See instructions in chapter on Liberty engines.) It 
is very undesirable to grind the valves in with the block resting on the 
bench and the valve stems horizontal as the tendency is to grind the valves 
m with the valve stems cramped in their guides. The valves should be 
ground in the regular manner until both the valve and the seat show a good 
frost-like appearance. The valve stems should be smoothed down with a 
lone or crocus cloth, if necessary. Whenever the exhaust valves have 
been removed they should be tested to determine whether the oil circulation 
s open. This can be accomplished by using compressed air introduced 
dirough the hole in the end of the valve stem and this should force a small 
uantity of oil out of the two small holes at the side of the valve near the 
>p. As spare cylinders are shipped with some stock to be removed on the 
•dve seat, after assembling the cylinders to the valve housing, it is neces- 
< i ry to use a reaming tool piloted in the valve stem guide to establish the 
°at preparatory to grinding. 
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Camshaft Timing Instructions. — The following notes are to be follow* » 
in the event of re-assembling the engine or in the replacement of any 
the parts affecting the camshaft timing. The standard crankshaft positi- .■ 
for timing the engine is with No. 1 and No. 6 left pistons at the netitr 1 
point. All gear markings are in line or meshing in this position of t)-.. 
crankshaft and on fore and aft lines. The starting point is to turn tl.p 
crankshaft to the neutral point for cylinders No. 1 and No. 6. (“Left hand’’ 
refers to the engine when viewed from the rear or magneto end when look- 
ing forward toward the propeller.) With the crankshaft set in this position 
it is now possible to assemble the gears correctly in the following orde: * 
Place the crankshaft gear on the crankshaft with the “O” on the crankshaft 
gear in line with the “O” on the crankshaft splined extension. Assemble 
the camshaft drive center gear as follows: On the model 2A-L500 engine 
assemble the camshaft drive center gear with the two “O’s” on the lower 
gear meshing with the “O” on the crankshaft gear. On the model 2A-2.500 
engine the “O” on the crankshaft gear comes at a tooth space and is lined 
up with a single “O” on the engaging tooth of the camshaft drive center 
gear. It is very important that this gear be assembled in this position due 
to the fact that the double magneto (when used) is driven off its upper end 

Rotate camshaft drive side lower gears in bearings so that “O’s” on the 
upper end of the gears are to the rear and in a fore and aft line and assemble 
in the case in this position. Assemble the camshaft drive side gear uppers 
as follows: On the model 2A-1 ,500 engine assemble tbc camshaft drive side 
gear upper with the tooth space enclosed bv two “O’s” in line with the 
centerline of the shaft and to the front side. On the model 2A-2.500 engine 
assemble with the tooth mark “O” on the gear in line with the centerline 
of the shaft and on the front side. The camshaft drive side gear upper units 
are marked “R” and “L” to designate “right” and “left.” To obtain the 
correct alignment when assembling these gears it may be necessary tn 
loosen the nuts holding the cylinder flanges to the crankcase, thereby per- 
mitting the shifting of the cylinder block to the correct position. When 
the gear is in correct alignment it should be possible to feel the backlash 
in the lower gears by taking hold of the upper end of the gear and moving 
it radially. When the final position has been determined the cylinder hold- 
down nuts should again be tightened. If camshaft gear has been removed 
from shaft, assemble gear to shaft (both being marked “R” or “L”) uith 
“O” on gear teeth astraddle “O” “L” or “O” “R” on camshaft flange. 

After the camshaft gear has been bolted to the shaft the assembly can 
be placed in the correct position as follows: On the model 2A-1 ,5(X) engine 
place the assembly in the bearings in such a position that the “O’s” on the 
camshaft drive side gear upper mesh with the “O” on the camshaft gear 
On the model 2,500 engine the two “O’s” are on the camshaft gear and 
should mesh with the single “O” on the camshaft drive side gear uppei 
On the model 2A-2,500 engine attention is called to the fact that the man 
ings on the camshaft drive side gear upper and camshaft gear do not Inn 
up every revolution of the camshaft drive side gear upper due to the *>'• ' 
speed ratio of these two shafts. For this reason unless it is definitely kno^ 
that the crankshaft is in neutral position for No. 6 left cylinder it is possib 1 * 
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m assemble the gear with the markings meshing and be out of time. If 
i he crankshaft position is not known the correct camshaft position can be 
( becked by the fact that the marking on both camshaft drive side gear up- 
pers should line up with the marks on both camshaft gears. This condition 
hoes not exist on the model 2A-1,500 engine and if the camshaft drive side 
gear upper has not been removed it is only necessary to rotate the crank- 
shaft to a position which brings the tooth space enclosed by two “O’s” in 
line with the centerline of the shaft and to the front side before assembling 
the camshaft gear. 

If it is necessary to install a new camshaft gear the correct relationship 
with camshaft must be determined and the timing mark added. This is 
necessary due to the vernier adjustment provided between gear and cam- 
shaft to allow setting camshaft as close as possible to the correct position. 
The procedure in this event is to follow the above instructions up to the 
point of assembling the camshaft, after which proceed as follows: As- 
semble left camshaft with gear loose on shaft and rotate shaft until “O” 
designated “L” on flange is down and exactly in line with center of cam- 
dialt drive side gear upper. This is the correct position of camshaft for 
crankshaft. By trial determine position of gear requiring least movement 
of camshaft, if an\, to mesh with previously located camshaft drive side 
eear upper with holes in gear and ^haft in line. With vernier adjustment 
supplied the maximum error need not exceed two degrees on crankshaft. 

After gear position has been determined and bolted to the camshaft 
etch letter ‘‘O'’ on camshaft gear tooth either side of tooth marked “O” 
on meshing gear. Also etch letter “L” on gear flange to distinguish “R” 
from “L.” Follow same method for assembling right hand camshaft gear 
with crankshaft in same position. However, before marking gear check 
l»v rotating crankshaft 60 degrees in direction of rotation to neutral point 
for right block. If correct, rotate back to neutral point for left block and 
mark “O” and “R” on the gear. 

Distributor Timing (Battery Ignition). — The standard crankshaft posi- 
tion for timing the distributor is with No. 1-L cylinder in firing position 
with full advance spark. The full advance spark setting for low compression 
pistons on the model 2A-1,500 engine is 40 degrees, and on the model 2A- 
2.51)0 engine the full advance spark setting is 50 degrees. For high com- 
picssion pistons the full advance spark setting is 35 degrees on the model 
2 A- 1,500 engine and 44 degrees on the model 2A-2.500 engine. With the 
crankshaft in this position the left distributor assembly including the gear 
> ready to be assembled. Before assembling, the upper half of the distribu- 
4,, r body should be turned with reference to the lower half counter-clock- 
fse, which is opposite the direction of rotation of the distributor. 

Next, with the distributor in this position, turn the rotor so that the 
•tor finger lines up with the forward distributor bead hold-down clamp, 
’id distributor head dowel which is the correct distributor relationship for 
1 mg No. 1 left cylinder fully advanced. With the distributor parts in this 
lationship, lower the assembly into the housing wdth the low tension ter- 
mal to the front and the red line scribed on the inner hold-down slot on 
ie distributor body lining up with the mark on the housing flange boss. 
1 his is approximate and the screws for holding the distributor down should 
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not be tightened until the breaking of the contacts is checked with win ■ 
ever means are available, for full advance position by rotating the lou , . 
half of distributor, slots being provided for this purpose. 

The assembly for this right distributor is exactly the same with t nr* 
exception that the mark on the distributor hold-down flange should hrr 
up with the mark on the housing outer boss. After the breaker in the ri^ht 
distributor has been synchronized with the breaker in the left distribute 
and with both distributors in the full advance position against the stop, 
assemble the spark advance connecting rod. This connecting rod must 1> t » 
adjusted to a length which will maintain the synchronization obtained pie- 
viously. After the rod has been assembled place the distributors in the ad- 
vance position by rotating the left distributor by means of the connection 
that carries the control back to the cockpit and finally check the breaker 
in each distributor for synchronization. 

Due to the fact that the marks on both the distributor and camshaft 
drive side gear upper housing are added on the original assembly of the 
engine it is necessary when new parts are used to add these marks after 
the correct timing position has been determined. The procedure for deter- 
mining these marks is as follows: With the gear assembled to the left dis- 
tributor rotate the upper half of the distributor relative to the lower flange 
portion counter-clockwise against the stop, also turning the rotor to line 
up with the front distributor head hold-down clamp. In this position as- 
semble the unit to the housing with the low tension terminal forward, still 
keeping the same relative position of the parts. 

After the distributor has been assembled, rotate the lower flange to 
obtain the correct spark advance on No. 1 left cylinder and after this is 
done scribe a line on both the distributor and housing boss for future use 
in re-assembling the engine. These marks should be about inch deep 
and filled with red lead. The same procedure should be followed for the 
right distributor except that the line should be scribed on the outside boss. 

Additional Tools — Not Furnished 

Recommended Equipment for Base Repair Shops 

Camshaft Removal Clamp. — Two of these tools are required to hold the 
camshaft down in its bearings while the nuts are being removed from the 
caps. 

Valve Reseating Tools. — These tools are necessary as the service cylin- 
ders do not have the valve seat machined in them, this operation being done 
after the cylinder is bolted to the valve housing. 

Camshaft Bearing Reaming Bar. — In assembling new bearings to the 
valve housing it is necessary to line ream these as the bearings furnished 
as spares are undersize. 

Main Bearing Reamers. — Either a reaming bar carrying individual Mar 
tell reamers for each bearing or a scraping mandel should be provided fin 
use when new bearings are installed. With the use of Martell reamers ad- 
justed with great care to the proper dimensions it is not necessary to <■ ' 
any scraping. 

Valve Guide Reamers. — These are necessary in case either new ink* 
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TOOLS FURNISHED IN TOOL KIT WITH ENGINE 


Model 2A-1500 Engine 

renter Punch 
t old Chisel 
Hammer 
l'licrs 
Punch 

Strew Driver 3" Blade 
Strew Driver 6" Blade 
Thickness Gallic 
Monkey Wrench 
15 ° Double End Wrench 
t 4" and 4" opening 
15 ° Double End Wrench 
i 7 ,." and Y?" openings 
15 ° Double End Wrench 
D" and Vx" openings 
15° Double End Wrench 
1 4" and 1" openings 
Spark Plug Wrench 

Cylinder Hold-Down Nut Box Wrench 
C vhnder Hold-Down Nut Socket Wrench 
Handle for Socket Wrench 54x11 
Double End Socket Wrench L-shap 
Double End Socket Wrench L-shape 4" 
Double End Socket Wrench L-shape -)4" 
Socket Wrench A" Nut 
Valve Housing Oil Inlet Connection 
Wrench 

Valve Spring Compressor 
Water Pump Impeller Puller 
Water Pump Impeller Puller Screw 
Tappet Adjusting Wrench (4") 

Tappet Adinsting Wrench 04") 

Propeller Huh Wrench for Direct Engines 


Model 2A-2500 Engine 

Center Punch 
Cold Chisel 
Hammer 
Pliers 
Punch 

Screwdriver 3" Blade 
Screwdriver 6" Blade 
Thickness Gauge 
Monkey Wrench 
15° Double End Wrench 
54" and 4" opening 
15° Double End Wrench 
4" and 54" openings 
15° Double End Wrench 
>4" and 74" openings 
Sparkplug Wrench 

Cylinder Hold-Down Nut Box Wrench 
Cylinder Hold-Down Nut Socket Wrench 
Handle for Socket Wrench 54 x 11 
Double End Socket Wrench L-shape W 
Double End Socket Wrench L-shape 4" 
Double End Socket Wrench L-shapc >4” 
Socket Wrench $4" Nut 
Valve Housing Oil Inlet Connection 
Wrench 

Valve Spring Compressor 
Water Pump Impeller Puller 
Water Pump Impeller Puller Screw 
Tappet Adjusting Wrench ( 4") 

Tappet Adjusting Wrench 04") 

Propeller Huh Wrench for Direct Engines 


nr new exhaust guides are assembled to the valve housing, sufficient stock 
being left for reaming to the filial size after being pressed in place. “Go” 
and “no-go” gauges should also he provided. 

Camshaft Drive Side Gear Upper Bearing Reamer. — It is necessary to 
provide this reamer as this service hearing is undersize and the reamer is 
piloted from the lower bearing and therefore gives alignment between the 
upper and lower hearings. 

Valve Grinding Universal Joint. — A universal joint is quite necessary 
<lue to the valve stems being rather close to the camshaft bearings. One 
end of this universal joint is attached to the valve and the other to a breast 
drill. 

Water Pump Shaft Aligning Bar. — When a new water pump housing 
s installed it is necessary to align the water pump shaft bearings with the 
hiving gear bearing (which is formed integral with the rear main bearing 
:> ap) by means of an aligning bar fitting into the two bearings. After locat- 
ng the water pump in this fashion the dowel holes are drilled in the crank- 
ase upper half, these dowels definitely locating the water pump in correct 
alignment for future assembly and disassembly. 
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Starting Jaw Puller. — The starting jaw is provided with a yi-ih 
twenty-thread tapped hole and the puller body, supporting the head 
the J^-inch cap screw, should engage the rear face of the crankcase. 

Piston Pin Driver. — "Phis drift is required to remove the piston pin fn> ? 
the piston following removal of the snap ring retainers. 

Top Dead Center Gauge. — This gauge is screwed into a sparkplug opt ' 
ing and by a dial indicator determines the top dead center position of ti c 
piston. 

Reduction Gears. — Special gear end bearing pullers. 

Standard Types of Models 2A-1,500 and 2A-2,500 Engines 

Direct Engines. — lloth the models 2A-1.500 and 2A-2,500 engines rut- 
built in direct drive form suitable for “tractor” or “pusher” installation 
The direction of rotation of these engines is standard, that is to say, coun- 
ter-clockwise facing the propeller end, thus requiring a standard right hand 
propeller for a tractor installation. 

Geared Engines. — Roth the models 2A-1.5CX) and 2A-2.500 engines are 
huilt with a self-contained gear reduction manufactured by the Allison En- 
gineering Company, Indianapolis, and these units give the following gear 
reductions : 

Model 2 \-1500 Model 2A-2500 

T\ P M of engine 20(H) 2000 

lv ]\ M. of propeller 1015 10)2 

In these geared engines the crankshaft turns in the standard direction 
and as these are simple spur gear reductions the propeller turns in the 
opposite direction, that is to say, in a clockwise direction facing the propel- 
ler, thus requiring a left-hand propeller for a tractor installation. These 
gear reduction units can be bodily removed from the engine by taking otT 
the nuts and cap screws at the front end of the engine where the gear re- 
duction is bolted to the vertical finished face of the crankcase. The crank- 
case is special for the geared engine and is not interchangeable with the 
direct drive crankcase owing to this flange construction 

The reduction gear is accurately lined up with the crankshaft by means 
of two dowels as well as in the case of the model 2A-2.500 engine a pilot 
formed on the rear face of the reduction gear housing, and great care should 
be used in assembling and disassembling' at this point to insure that the 
dowels are not loosened or damaged. A % 4 -inch Ycllumoid gasket is used 
between the crankcase and the reduction gear and care should also be used 
not to damage this gasket in re-assembling. The crankshaft on the geared 
engines is furnished w ith an integral flange at the driving end and a driving 
member with specially formed teeth is bolted to this flange. The “hair-pin 
driving springs of the Allison flexible coupling engage these teeth, the pur- 
pose of the flexible coupling being to prevent impact loading of the gear 
reduction being transmitted from the crankshaft to the gear reduction. O" 
the geared engines the crankshaft is located by means of a flanged mam 
bearing at the propeller end, the crankshaft being allowed .004 inch to .0t * 1 
inch end clearance in this hearing. 

Lubrication of Gear Reduction. — In order to supply oil to lubricate th 
gears and bearings of the gear reduction a special metering groove is pr 
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vided in the propeller end crankshaft bearing upper half and oil under pres- 
sure flows from this groove during part of the revolution of the crankshaft 
through a radial hole in the crankshaft journal registering with same. The 
r!1 d of the crankshaft is hollow and is plugged at the rear end and open 
.it the front end through a projecting spigot or jet. Oil is therefore inter- 
mittently forced out of the jet and into the interior of the hollow spur 
pinions. Radial holes carry the oil thence to the gears and the various 
hearings. Oil returned from the reduction gear flows back into the sump 
and is returned to the outside oil tank by means of either of the two scav- 
enging pumps in the regular way. The oil pressure gauge connection on 
the geared engine is located on the left forward side of the crankcase thus 
registering the lowest pressure in the system, as in the case of the direct 
drive engines. 

Inspection of Gear Reductions. — The reduction gear should not require 
anv attention between overhauls <>f the engine When the engine is over- 
hauled the gear should be opened, cleaned and inspected. The gear may be 
iemoved as a complete unit from the engine 1>\ removing the nuts and cap 
screws which attach it to the crankcase and oil pan. To open the gear, 
separate the two hahes of the gear case at the split line. The driving 
pinion a\i 11 remain in the rear half of the case and the propeller shaft will 
remain with the front case. The gears and hearings may be examined 
without further disassembly For a more thorough examination of the 
hearings or replacement of any parts requiring disassembly of the bearings 
nnd gears from their shafts, such disassembly should be carefully done with 
the special tools designed for this purpose, these tools consisting of special 
gear and hearing puller manufactured by the Allison Engineering Company. 

If at any time it should be necessary to completely disassemble the gear, 
great care should be used in re-assembling to insure the hearings fitting 
squarely on the shafts and that these hearings arc completely home. It is 
advisable to fit the propeller shaft gear so that the marked splines coincide 
and it is essential that the pinion gear should be mounted according to the 
marked splines. This latter is essential in order to have the oil holes in 
the gear register with those in the shaft. Upon the completion of the pre- 
liminary test run on a newly assembled engine, it is advisable to remove 
the gear and inspect it to see that it is clean and free from metal chips or 
other foreign pieces that may have gotten into the engine during assembly. 

Inverted Engines. — -The model 2A-1.500 engine is also constructed in 
•m inverted form and differs from the standard direct drive engine in the 
allowing respects: The crankcase od pail of the inverted engine is a simple 
casting merely serving as an oil tight cover. No accessories or other fit- 
ings are fastened to this cover. See Fig. (W. The purpose of this design 
has been to remove all possible projections on the top of the engine so as to 
msist the plane designer in securing the best possible vision for the pilot. 
I'he standard water, oil and fuel pump is used with certain modifications 
■and is located low down at the rear end of the engine so as to insure correct 
'auctioning of the oil and water pumps at all times and insure that neither 
(, f these pumps fail due to lack of priming. A special adapter casting sup- 
ported from the crankcase bv means of the four studs used in vertical en- 
gines in fastening the magneto or generator adapter is also braced to a 



1490 


MODERN AVIATION ENGINES 


bracket extending from the rear carburetor cross header. This adapt* 
contains a vertical driveshaft with a spline drive at the upper end and 
similar drive at the lower end engaging an extension of the water pun t 
driving shaft. The scavenging oil pumps operate in conjunction with 
gear keyed to the water pump shaft, as with the standard engines. A tlwj 
scavenging pump is placed below and driven from the oil pressure pump, 
and this auxiliary scavenging pump is used to scavenge the camshaft hous- 
ing covers on a glide as explained later. A coarse mesh screen entirelx 
surrounds the scavenging pump gear housing to prevent foreign particles 
entering the rear scavenging pump. A standard form of fuel pump can he 
used with the inverted engines. 

Lubricating System of Inverted Engine. — The outlet from the external 
oil tank is connected to the inlet of the oil pump in the usual manner and 
the oil flows through the oil screen to the pressure pump. Oil is discharged 
from the pressure pump either through the relief valve and thence hack 
to the “out" line or through a short horizontal and a long vertical tube 
pressed into the adapter casting to form a matched joint at the flange where 
this casting is bolted to the crankcase with a short passage leading to the 
horizontal oil pressure manifold located in the Vee in the standard position. 
Oil is led to the mam bearings bv means of steel tubes pressed in the trans- 
verse walls as in the \ertical engines and the bearing lubrication is arranged 
exactly as previously described. Oil is led to the camshaft bearings by 
means of individual pipes connected to the pressure line at the upper end 
of the adapter and the camshaft lubricating system is exactly the same as 
in the case of the vertical engines. 

The scavenging or oil return system in the inverted engines is naturally 
quite different from that in the direct engines. The crankcase proper is 
drained by means of an external oil manifold located in the Vee and sepa- 
rately piped to drains provided under each crankcase transverse wall. This 
manifold discharges to the forward suction pump by means of matched 
passages provided in the accessory adapter. At the front end of the crank- 
case pipes arc pro\ ided at the lowest point to return oil to the camshaft 
housing covers. The rear main bearing wall of the crankcase is provided 
with two ^-inch drain holes at the lowest point in the Yee so as to permit 
of oil also flowing down over the gear train. The timing gear shaft bear- 
ings, however, are independently lubricated as in the vertical engines. Oil 
flowing down at the rear end of the engine can either flow through the holes 
provided in the wall to which the accessory drive adapter is bolted or can 
flow down the camshaft drive housings. In the former event the oil flow.- 
directly into the adapter housing and is scavenged by the rear scavenging 
oil pump. Oil flowing down the camshaft drive housings, oil discharged 
from the camshaft bearings, and also the oil pumped through the exhaust 
valves collects in the camshaft housing covers. These covers are drained 
by individual pipes at both the front and rear ends. 

With the propeller end high, as in climbing with a tractor installation, 
the oil will flow to the rear end of the camshaft covers and then by shob 
pipes to the adapter housing where it will be scavenged by the rear od 
pump. Oil collecting at the forward end of the valve housing covers flow'- 
through pipes integrally mounted on each cover, these pipes being joined 
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• ,gether by hose connections at the rear end connecting* with a short pipe 
hich communicates with the special suction pump referred to above and 
mounted as an extension of the pressure oil pump. This pump serves to 
drain the valve housing covers on a glide and the discharge from this special 
,/innp is carried iijtn the main discharge line bv means of an external J/ 2 - 
nich pipe. The main discharge line should be piped through an oil cooler 
and back to the oil tank in the usual manner. An oil “out” thermometer 
.should be located in the oil “out” line before it reaches the oil cooler. It 
will be noted that the combined water and oil pump is turned around 180 
degrees when mounted on the inverted engine so that the oil strainer is 
located on the right hand side and the pressure relief valve is at the rear 
end with the fuel pump on the left hand side. The same oil tank vent is 
provided on the crankcase for use on the inverted engine as on the direct, 
but, of course, appears on the right hand side at the timing gear end. 

Water Circulating System of Inverted Engine. — The water pump on the 
inverted engine is located at the lowest point and is provided with the same 
t\pc of inlet connection as used on the direct engine, that is to say, either 
an elbow or a straight connection can be supplied to receive a 2 j/ 2 -inch 
1. D. hose. The w ater flow s through the inverted engine, how ever, in the 
reverse direction as compared wuth the direct engine. Short hose connec- 
tions connect the aa ater pump outlet to similar inlets provided on the special 
camshaft drive housings. Water is forced through the camshaft housings 
and into the individual cylinders through holes surrounding the exhaust 
ports and flows around the jackets and out through the individual outlets 
provided on each cylinder to the w r ater outlet manifold serving each bank. 
This manifold can be turned to deliver water at either the rear or for- 
ward end but it is recommended that the waiter be discharged at the forward 
end and be led into an expansion tank located above the engine to avoid 
any possibility of steam pockets being formed in the system. Special pains 
should be used in the installation to prevent any possibility of air or steam 
pockets being formed in the system as previously explained. 

Carburetion of Inverted Engine. — The inverted model 2A-1,500 engines 
employ the same carburetors as used on the 1 A- 1,500 engines, namely, the 
Strornberg model NA-Y5 carburetors. The intake manifolds are of special 
design to permit of the carburetor being attached in the conventional man- 
ner and they are provided w ith exhaust-heated jackets which function in 
the same manner as in the vertical engines. The standard settings for these 
carburetors on this engine are as follows: 

Choke m* 

Main jet No. 40 drill 

Idle metering: jet ....No. 01 drill 
Idle air bleed No 40 drill 

Water Outlet Thermometer. — In the case of the inverted engine it is 
necessary to provide for a water outlet thermometer connection in the ex- 
pansion tank and this should be located so as to receive the direct flow 
f waiter from the engine. 

Packard 24 -Cylinder X Engine. — An informative discussion on the Pack- 
ed racing engine was published in the July, 1928, S. A. E. Journal by L. 
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M. Woolson, aeronautical engineer for the Packard Motor Car Compaq 
and the information that follows has been taken from that article. Devi 
opment of the Packard X engine began about eight years ago, when pow< , 
plants for the dirigible Shenandoah were first being considered. It w. 
decided to use six-cylinder-in-line engines, which were heavy. Original 
the Shenandoah was equipped with six engines, each developing 300 hrak 
horsepower and each weighing approximately 1,200 pounds. The Mo<k 
2,500 engine, rated at 800 horsepower and weighing substantially the sam. 
as the foregoing 300 horsepower engine, was being developed at the tun. 



Fig. 704. — Illustration Showing Packard X Engine Mounted in Lieut. A1 Williams’ 

Racing Seaplane. Note Method of Building Engine Into Fuselage Structure. 

the Shenandoah was wrecked. With a conservative rating of 600 horse- 
power, it would have cut down the powerplant weight approximate!} one- 
half. Comparing the present Packard X engine with the five engines used 
on the Shenandoah during most of her flights, it weighs approximate!} 
1,500 pounds, develops approximately 1,500 horsepower, and could have 
replaced all five of the former engines at approximately 25 per cent of their 
combined weight. 

The engine borrowed from the Navy Department and used by Lieut. 
Alford J. Williams, U.S.N., for obtaining flight experience and for powering 
the special plane in which he tried to win the world’s speed record, was not 
equipped with a supercharger. The unsupercharged engine developer 
1,250 horsepower at 2,750 r.p.m. and weighed slightly less than 
pounds. During the 30 hours of operation to which this engine was sifl 
jeeted, mostly at racing speed, at no time was mechanical trouble expei < 
enccd or adjustments of any kind made. It is planned to substitute tlr 
supercharged engine in the plane later, it being obvious that the speed wo I 
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i hereby be considerably increased. Tbe engine develops about 160 horse- 
power per square foot of frontal area which is remarkably small, as can be 
-cen by referring to front view at Fig. 705 A and B. 

During the last year or two, aviation authorities have been prone to 
merlook basic requirements of powerplants in respect to their frontal area. 
It is a fact that a 200 horsepower radial air-cooled engine cowled into a 
cabin plane makes a very excellent combination. The projecting cylinders 
in this case do not constitute such a grave additional resistance as they 
A\ould in the case of a fuselage of smaller dimensions. On the other hand, 
n 200 horsepower engine is naturally limited as to the load which it can be 
e xpected to carry. ] he record — set, Air. Woolson believes, by the late Mrs. 
(■raysoii in a certain flight — amounted to 6,(XK) pounds per engine or a load- 
ing of about 30 pounds per horsepower which he thinks is a world’s record 



Fig. 705A. — Propeller End of Packard X 24-Cylinder Water-Cooled Engine. B — Anti- 
Propeller End Showing Ignition Distributors. 

h>r planes outside of the light-plane class. Applying this same ratio to the 
1’ackard X-typc engine, it should be capable of taking into the air a plane 
weighing 45,000 pounds, which is larger than anything yet built using only 
f, ne engine. Small radial air-cooled engines are very well adapted for mod- 
erate loads; but, as the demand grows for heavier loads and higher speeds, 
much larger engines will be required, and they must he suitable for well- 
streamlined fuselages, as is imperative in racing planes, as shown at Fig. 
'04, which shows a Navv experimental racer that made over 300 miles per 
hour with a wheel landing gear replacing the pontoons or seaplane floats 
hown in the illustration. 

The cylinder construction used, as shown at Fig. 705, has been typical 
°f Packard aircraft engines for several years. The cylinders are built-up 
from steel forgings welded together, with all welds arranged so as to be 
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subjected to no excessive alternating stresses. The novel features of ti. - 
cylinder design lie in the fact that the valve seats are entirely surrounds * 
by water and that water space is provided above the combustion-chamK, 
and below the top plate of the cylinder. The cylinder-head is therefor* 
extremely rigid, resisting deflection and assuring the maximum integni 
of valve seats. The valve ports are machined integrally with the cylindn- 
head and are not welded thereto as in the case of the Liberty engine cyliti 
der. The Avatcr jacket is wrapped around the cylinder, thus requiring a 
•single vertical w elded seam. The bore of the X-type engine is 5)4 inches 
and the stroke is five inches. 



Fig. 705C. — Three-Quarter View of Packard 24-Cylinder X Engine Viewed from 

Propeller End. 

The relative arrangement of the valve housing and water inlet and ex- 
haust passages is contrary to conxentional practice. While there are foiu 
valves per cylinder, two inlet and two exhaust, they are arranged in pans 
athwartship, rather than on a longitudinal axis as is usual. The reasons foi 
this construction are, first, to secure a simple valve-mechanism with a 
single camshaft to operate all the valves of each bank of cylinders; second, 
because the valve-housing casting is considerably simplified by this ai 
rangement and it is possible to Siamese the inlet and exhaust ports, respc» 
tively, of adjacent cylinders, thus minimizing the number of separating 
walls required in the casting. 

The piston design shown in Fig. 706 incorporates extremely short skirt- 
the over-all length of the pistons being 3.164 inches for a diameter of 5.3/ r 
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inches. These compact pistons materially assist in reducing the over-all 
height of the engine, and they have proved very satisfactory during several 
years of service operation in other Packard engines. The fuel lines were 
designed with the idea of reducing the fire hazard to the minimum. They 
consist of one-piece annealed copper pipes having no brazed or soldered 
fittings or flaring operations. At all important points drop-forged-steel 
fittings are provided, with integral “olives" or protecting sleeves to prevent 
rubber particles from entering the gasoline lines, and each line is enclosed 
in a one-piece rubber hose extending from one fitting to another, hose 
clamps being provided at frequent intervals so that, even if a gasoline line 
should break, no external leakage of fuel would result. 



Fig. 706 . — Packard X Engine Alloy Piston Has Extremely Short Skirts, the Length 
Being Only About Three-fifths or 60 Per Cent of the Diameter. 

The battery ignition distributors are shown also at the right in Fig. 
705 15. Four twelve-cylinder distributors of conventional design are used, 
each distributor being wired to two of the four hanks of cylinders. Each 
c\ lnider is provided w ith tw o sparkplugs, making a total of 48, and a high 
order of ignition reliability is thus obtained. The oil, fuel and water pump 
assembly is shown in the low r er portion of the view at Fig. 705 B. The ver- 
tical pipe at the rear of the engine constitutes the high-pressure oil-supply 
line; a branch to the left supplies the main-hearing oil manifold at reduced 
pressure. The propeller end of the engine is shown at Fig. 703 A and a 
three-quarter assembly view is given at Fig. 7 05. 


QUESTIONS FOR REVIEW 

1. What type of cylinder construction is used on Packard Aviation engines? 

2. Describe Packard crank case construction 

3. What are the advantages of the Packard valve housing" 

4. How are Packard exhaust valves cooled " 

5 Describe Packard oiling system 

6. What types of ignition systems are provided with Packard engines? 
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TYPICAL LARGE WATER-COOLED ENGINES 

Economy an Important Factor — Future Engine Development — Prophets are Some 
times Wrong — The Junkers Aviation Engines — A.D.C. 300-330 HP. Nimbus 
Engine — Mercedes-Benz Type D 11a Engine — Beardmore Six-Cylinder Engine— 
The B.M.W. Va Aero Engine — B.M.W. VI Engine — Lorraine W Type Engine— 
Panhard Sleeve Valve Type 12L Engine — Rolls-Royce F Type Aero Engine— 
Rolls-Royce Condor III A Aero Engine — New Series Renault Motors — Salmson 
Water-Cooled Radial Engines — Napier-Lion Aero Engine — Napier “Cub” Aero 
Engine — Fiat AS3 Racing Engine — Issotta-Fraschini Vee Type. 

Economy an Important Factor. — The modern ideas of aviation haw 
brought the question of economy more and more into the foreground and 
led to a sharp differentiation between military and commercial airplanes 
While, in the case of military airplanes, up to 100 per cent of the output 
of the engines is utilized, in order to meet the demands made on the ma- 
chine, only that percentage of the maximum engine output should be made 
use of as normal output for commercial machines, as is permissible from 
the standpoint of reliability and economy. For commercial airplanes the 
normal output of any engine type should be about 50 to 60 per cent of the 
maximum output, long life of the engine, reliability, a large profitable 
useful load, great radius of action, and thus also economy being attained 
It is only then possible to build commercial airplanes, the ceiling of which 
is sufficient to carry out flights in all weather and to attain altitudes, m 
which the atmospheric and wind conditions are more favorable. It is also 
ve r y important for the reliability of the- plane that the engine power m 
divided into several units for large planes for long-distance flights. With 
such planes it must be possible not only to keep in the air at low altitudes, 
but also to reach reasonable altitudes, even when one, or, in the case ot 
the very large planes, two or more engines break down. It is a speciall} 
great advantage for multi-engined planes to have engines with a normal 
output of 50 to 60 per cent of the maximum output, as the engine can, 
wdthout danger, be used with an output of 120 to 125 per cent of the 
normal output. 

In order to achieve the greatest possible output with a certain prede- 
termined cylinder capacity, the compression ratio would have to be in 
creased to the utmost limit. For this purpose, how'ever, it is essential that 
the fuel is improved, because, as the very best material is just good enough 
for the manufacture of aero-engines, only the very best fuel should be 
used for driving them. It is incorrect to bold the engine experts and stec* 
specialists alone responsible for progress in this line. The fuel specialist- 
must also do their bit in the development of the engines. One must (an 
can) demand from the fuel producers that they are not satisfied simph 
to utilize the progress made in aviation for increasing their turnovers, but 
that they also take an active part in the development of suitable fuck 
The principle should be, to make such improvements that fuels vaporizing 

149(3 
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at low temperatures can also be used for engines with compression ratios 
up to ten, without knocking. At present, it is already possible to improve 
fuels to such a degree by adding a suitable proportion of benzol or special 
“anti-knock” dope that no knocking occurs with a compression of 7.3:1. 

When fuels are produced which do not cause knocking with high and 
highest compression ratios, these ratios should be employed as standard 
for aero-engines, and engines with low compression ratios should only be 
built for special cases, when anti-knock fuels are not procurable. 

Future Engine Development. — Turning now to possible future develop- 
ments it may be of interest to speculate toward wbat direction progress in 
aircraft engines will lead. Problems to be solved in this field are well 
known and consist largely of detailed improvements intended to yield 
lighter and more reliable engines that will he more economical with respect 
both to first cost and to operation and maintenance. Although much ex- 
perimental eflort in engine development is being continually directed along 
unconventional lines, such as the barrel and cam types, and engines em- 
ploying the Diesel or semi-DciscI cycle, it is reasonable to believe that 
during the next few y ears important advances will be made by conventional 
twelve-cylinder water-cooled engines and by nine-cylinder fixed-radial air- 
cooled engines, the two types that offer the best possibilities for immediate 
engineering advance and w here very high powers are required from a 
single motor the X form of 24 cylinders, the \V form of eighteen cylinders 
and the double banked nine-cylinder or eighteen-cy lincler radial air-cooled 
engines are all possibilities that have already been realized in experimental 
types. 

It is reasonable to look forward to Inning available in the near future 
engines that will weigh about one pound per horsepower completely 
equipped and, concurrently with tins development, considerable effort will 
undoubtedly be devoted toward reducing the specific fuel-consumption. 
For it should be borne in nnnd that an engine weighing one pound per 
horsepower will, at the present rate of fuel-consumption, consume its own 
weight of fuel every two hours. Doped fuels and higher compressions 
will make possible higher power outputs for a given cylinder displace- 
ment. Ethyl-gas is said to permit the use of pressures up to 150 pounds 
per square inch before ignition without risk of premature ignition or 
detonation after ignition. The compression limit with aviation gasoline 
is about 110 to 120 pounds, so a 25 per cent increase in mean effective pres- 
sure is possible without changing engine designs other than augmenting 
the compression and increasing strength of parts to withstand augmented 
stresses produced by increased explosion pressures. 

Sonic of the latest developments in connection with high-speed oil 
engines in England were bared at a session of the British Association for 
the Advancement of Science, at which a paper on the subject was read by 
V. E. L. Chorlton, of W. Beardmore & Co., Ltd. Mr. Chorlton said that 
tor aircraft purposes an oil engine must develop a brake mean effective 
pressure of at least 100 pounds per square inch, and 120 pounds is pref- 
erable. It is therefore necessary to utilize practically all of the air enter- 
ing the cylinder for the combustion of fuel. The relative amount of excess 
air passing through the engine also has an important effect on the economy. 
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While the fuel spray must completely permeate and penetrate the au 
charge, there must be no interference, and this makes it necessary t<> 
consider whether it is better to use a single spray jet or several, and in 
the case of a single jet, whether it is best to mount it in the center of tin. 
head or elsewhere. A number of different jets in a single combustion- 
chamber assure cptick combustion, but there is danger of interference. 

After extended experiments, Wm. Bcardmore & Co. developed a satis- 
factory engine of the heavy oil type, and some results obtained with it were 
given in an Institute of Mechanical Engineers paper in March, 1926. in 
the tests then reported upon, the engine was shown to have a specific fuel 
consumption of 0.35 of a pound per brake horsepower hour. Since that 
time further improvements have been made, and recently a fuel consump- 
tion figure of 0 32 of a pound per brake horsepower hour was reached, with 
an eight-cylinder engine of 8j4 inch bore and twelve inch stroke, develop- 
ing 650 horsepower at 1,000 r.p.m. This is equivalent to a thermal effi- 
ciency of 40 per cent. The engine structure is in a single casting, and li 
steel is used the weight is 4,600 pounds, while with aluminum it is 3.600 
pounds. The weight horsepower ratio of about six pounds per horse- 
power would seem to be a disadvantage even considering the low fuel con- 
sumption. The Packard Motor Car Co. of Detroit have recently an- 
nounced a nine-cylinder radial Diesel engine that weighs but three pounds 
per horsepower but the engine was not ready for the market as late as 
March, 1929. 

Prophets are Sometimes Wrong. — The way that changing conditions 
in any new industry will change the thought of those connected with it 
as they gather experience can be well illustrated by the way some early 
predictions have failed to work out and also illustrates the dangers of 
prophecy on the printed page. An English a\ lation engine authority, 
writing in 1916, said: “We have dealt principalis with engines of 100 
horsepower but engines of 2(X) horsepower are m common use and in the 
near future we may expect still more pow erful engines — probably the day 
of the 1,000 horsepower airplane engine is close at hand.” lie was right 
in his prediction in that statement anyway. He goes on to say. “One is 
frequently asked to state which type of engine will survive, and the si\- 
or twelve- or eighteen-cylinder vertical-in-line type will most likely come 
out on top. The radial and rotary type have too much wind surface ex- 
posed and have as a rule, to be placed in front of the pilot; the Vce engim 
is not an attractive mechanical proposition and the advantage gained In 
the reduction in engine length is partly discounted by the increased width 
and other disabilities mentioned previously. The use of ball hearings for 
main engine bearings is a doubtful advantage. The abolition of the oil 
pump with its attendant drive and pipes may also be one of the future 
developments in design. In the matter of pistons the cast iron article 
holds a prominent place in spite of the introduction of aluminum allots 
The overhead camshaft is not in favor as it introduces new troubles m 
add to other misfortunes.” 

Analyzing this opinion in the light of our present knowledge gives soim 
rather amusing results. We have no twelve-cylinder in-line aviation en 
gines and an eighteen-cylinder installation would call for a forwardh 
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extending engine mounting almost as long as our present rearwarclly 
extending airplane fuselage, not to mention the designing and construction 
problems incidental to the fabrication of an eighteen-throw crankshaft 
which would have to run in from ten to nineteen main bearings. Our 
prophet was way off in that belief. He was also wrong in his prediction 
that Vee engines would not be used because they were too wide, most 
engines of the water-cooled forms with more than six cylinders are twelve- 
evbnder Vee types and the fact that width is not the factor but that engine 
length must be kept to the minimum is proved by the use of twelve-cylinder 
and eighteen-cvlmdcr \V types. 

The disadvantage he quoted of radial and rotary motors having too 
much wind surface exposed did result in doing away with rotary engines 
which were difficult to cowl but the main factors that did result in doing 
away with rotary radial cylinder engines was the limited speed of rotation 
of about 1,250 r.p.m.; the fact that it introduced gyroscopic forces affecting 
control and the habit these engines had of throwing burnt castor oil into 
the propeller slipstream and all over the pilot and airplane structure. The 
greatly increasing use of static radial engines in nine-cvlinder forms up 
to 600 horsepower and in double bank or eighteen-cylinder forms up to 
1,000 horsepower shows that a proper study of fuselage form and engine 
cowling permits the modern airplane designer to use a wide .and short 
fuselage so streamlined that its resistance is actually less than the longer, 
attenuated, narrow section fuselages of the earlier time. Most radial 
engines and some in-line and Vee and W types use ball and roller bearings 
\ery ad\ antageously for crankshaft support, so our prophet was wrong in 
that matter. The use of aluminum pistons is now general and engines 
using cast iron or steel pistons would be a novelty. Most aviation engines 
(*f tlie six-cylinder in-line t> pe and practically all Vee and W engines use 
overhead camshafts to the exclusion of other means of valve actuation and 
no great trouble has resulted. Finally, after over twelve years of added 
experience since the prediction was made, no one has had the courage to 
eliminate the nil pump and its attendant drive and pipes! Experts of to- 
dav may be quite wrong tomorrow 7 . 

As regards engine placing in front of the pilot, which was not so 
satisfactory to the early prophet when rotary engines were installed with 
their oily exhaust blown back in the slipstream, modern practice, as a 
u sult of changed conditions, has made the forward mounting of the engine 
general practice and most pilots of experience actually prefer to sit back 
<>f the engine rather than in front or under it. Modern designers believe 
'n the slightly nose heavy plane and the placing of the engine at the front 
of the fuselage is common practice and other locations, when a single engine 
i" used, are the exceptions that prove the rule. It will be apparent that a 
motor location that was considered a disadvantage in D16 is now popular, 
mid the radial cylinder engine, which was not in favor because it had much 
mirface exposed to the Avind, has utilized this surface to cool the engine 
'istead of having supplementary exposed surfaces, such as water radiators, 
to do it, thus greatly saving weight and reducing mechanical complication. 
The discovery that a fuselage having the shape of an elongated egg had 
less resistance than a long fish shape showed that by proper cowling of 
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the engine employing a wide fuselage, providing it had a good lengt) 
breadth ratio, made it possible to install radial engines and Vee or \\ 
types more advantageously than long in-line engines could be placed. 

The Junkers Aviation Engines. — The Junkers L5, a six-cylinder wate* 
cooled in-lme engine has received considerable publicity because it madi 
the first successful Atlantic crossing from East to West as the powei 
plant of the Junkers all metal monoplane, the Bremen. The plane has a sixm or' 
60 feet and a total length of 35.78 feet, while the overall height is ten :uu\ 
one-half feet. Both the fuselage and the wings have a covering of corru- 
gated duralumin. Without load the machine weighs 2,620 pounds and the 



Fig. 707. — The Junkers L5 Six-Cylinder Water-Cooled Type Used in “Bremen” Air- 
plane, First to Make Westward Passage Over Atlantic. 

initial load carried by the plane was 5,150 pounds or 176 per cent of the 
weight of the machine. The Bremen is similar in design to machines built 
by the Junkers Works for passenger and mail services. The stock mu 
chines are equipped with floats for landing on the water, but in the trans- 
Atlantic plane these were replaced by t lie ordinary wheeled landing gear 
The commercial machines have a hold with a cubical content of 57..^ 
cubic feet. In the Bremen this space was used chiefly for additional fm* 
tanks. There are also fuel tanks inside the wings and there is a large <>i. 
tank at the side of the engine. Whereas in the ordinary planes the pilots 
compartments are open, in the Bremen it is inclosed by sheets of cellon. 

The engine of the Bremen shown at Fig. 707 is the Junkers Model L5. 
a six-cylinder vertical water-cooled type with a bore of 160 and a stroke 
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,>f 190 millimeters (6.30 by 7.50 inches). It has a compression ratio of 5.5 and 
develops 280 horsepower at 1,400 and 310 horsepower at 1,550 r.p.m. The 
weight of the engine dry is 693 pounds, or 2.47 pounds per horsepower on 
the basis of the normal rating. Last summer, in preparation for the west- 
ward trans-Atlantic flight from Germany, a special concrete starting track 
was built at Dessau. This enabled the Bremen to get into the air with 
a total weight of 8,050 pounds after running along the track for distances 
varying between 1,800 and 2,100 feet. As the plane left the track the 
engine turned over at 1,440 r.p.m. An altitude of 150 feet was reached in 
.me and one-half minutes, and 300 feet in three minutes, after which the 
engine was throttled down, but the plane continued to rise even when the 
.speed was reduced to as low as 1,280 r.p.m. 



Fig. 708. — View at A Shows Propeller End of the Junkers L55 Aircraft Engine. B — 
Anti- Propeller End Showing Carburetor, Ignition Magnetos and Water Pump 

Assembly. 

The cylinders of the Junkers engine are of steel with steel water jackets 
attached thereto by autogenous w elding and in details of valve arrangement 
and actuation it is patterned very closely after the original Mercedes design 
which was the ancestor of many modern engines. The method of cylinder 
construction is clearly outlined in the chapter on the Liberty motor as is 
the method of valve actuation and camshaft drive. This engine may he 
obtained with a compression ratio of seven to one for use with special fuels 
and w ill deliver 350 horsepower at 1,500 r.p.m. with that high compression. 
.The engine is built for direct drive propeller. The lubricating system is 
the circulating forced lubrication type. A dual carburetor is used, this 
being joined to a straight type manifold by two branches, as shown at 
big. 707. This type of engine lends itself to easy installation in the air- 
plane fuselage and is a very substantial and simple engineering job. Un- 
fortunately, the limitations imposed by length make it undesirable to use 
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much larger cylinders and obtain more power so these forms will be founr 
worked out to the best advantages in designs where the power require 
ments range between 150 and 400 horsepower. 



Fig. 709. — A Shows Junkers L55 (German) Engine Side View Looking at Propeller 
End. B is a Direct Side View with Supercharger Installed. 

When more power is required, the combination of two banks of cylin- 
ders to form a twelve-cylinder Yee engine is resorted to by practically ah 
builders of large water-cooled engines in the power range between 400 and 
800 horsepower. The Junkers L55 engine, which is shown at Figs. 708 
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A and B and 709 A may be considered a typical standard design that has 
received wide application. This design is also made with a supercharger as 
-diown at Fig 7 09 P,. The .specifications <>f the Junkers 1.55 aero engines 
follow : 


SPECIFICATIONS - Tl 7 NKERS L55 ENGINE 


I » ii i 1 cl of engine: vertical stationary 4 stroke ci 

Output at 1.380 R P M 

Compression ratio 

Normal duration output at 1460 R P M 
Temporary maximum output at 1500 — 

1520 RPM 

Maximum revolution number 

Weight dry without hub, air screw and ex- 
haust-manifold 

Weight of huh ... . 

Arrangement and numher of cylinders 

Pore . . . ... 

Stroke . . 

Arrangement of val\e gear. 

Camshaft drive . . . 

Numher of valves m t.uh cylinder 
Length <»ver all (without huh) . . .. 

Height over all . . 

P remit h over all 

Ignition . . . 

Sparking plm r s 

( oohng 

Lubricating 

Fml consumption .. ... . . 

Oil consumption 


?:ue, water-cooled, without reduction gear 
500 TTp. 


1 5 

1 5.5 

1 7 

550 

600 

625 Hp 

600 

650 

700 Hp. 

1520 R.l 

» M. 


570 kg 



17.0 kg. 



12 olinclers in 

Yec at 60° 


100 mui 
l‘)() mm 


Overhead camshaft with rockers 
By vertical shaft 
2 

1777 mm. 

127.3 mm 
840 mm 

2 magnetos Bosh OF 12 oi Scintilla 
ON 12/1) 

Bosch V 12 12 C or vdea 

Water-cooled cylinders 
Circulating forced lubrication 
220 2.30 gr/FIp. h. 

15 gr/Hp h. 


A. D. C. 300/330 Horsepower Nimbus Engine. — The appearance of this 
engine illustrated at Figs. 710 and 711 follows rather closely that of the 
210 horsepower Siddeley Puma, but otherwise there is little similarity 
as the engine departs materially in the design of all the principal compo- 
nent parts. Of six-cylinder in-line water-cooled type, the Nimbus has a 
slightly larger capacity than the Puma, the cylinder bore being 152 
millimeters and the stroke FX) millimeters; the compression ratio has been 
raised to 5.4 to 1. The brake mean effective pressure is high, i.e., around 
132 pounds. In comparison the dry weight of the Nimbus is ten pounds less 
than that of the Puma, the weight per horsepower being two pounds as 
against 2.66 pounds per horsepower for the Puma — a very marked advance. 
The Nimbus engine may be regarded as the lightest of its type yet produced. 

Constructionally the Nimbus differs very considerably from the Puma, 
although it is designed to fit the same engine hearers. The steel cylinder 
liners pass through the bottom of the water-jacket blocks, one of which is 
shown at Fig. 712, a neat gland arrangement being provided for making 
a water-tight joint. A split locking ring of phosphor bronze is threaded to 
correspond with the threads on the cylinder liner, a steel strap tightened 
by a tangential bolt forcing the threads home, and a rubber ring, on being 
compressed, making a tight joint between cylinder and jacket as shown 



1504 


MODERN AVIATION ENGINES 


at Fig. 675 A. At the top, the cylinder liners are secured to the cylindei 
head castings by the valve seatings, which are of special design an<l 
splined on the inside for the special tool used for screwing them home a* 
shown at Fig. 7U II. The water jackets are in the form of two aluminum 
castings, each jacket enclosing three cylinders. At the top the water 



Fig. 710 .— Exhaust Side of ADC “Nimbus” (English) Engine Shown at A. Car 
buretor Side View of “Nimbus” Six-Cylinder Engine at B. 
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jackets are secured to the cylinder heads by a number of bolts, the faces 
of jackets and heads being machined to make a tight joint. The cylinder 
heads, in addition to leaving a large water space around the hottest parts 
of the engine, are particularly open castings, so that during manufacture 
inspection is greatly facilitated and machining operations are reduced to 
;i minimum. As in the Puma there are three valves per cylinder, one large 
inlet valve and two exhaust valves. The inlet valves are operated by short 



Fig. 711. — Propeller End View of “Nimbus” Aircraft Motor at A. Anti-Propeller End 
of ADC “Nimbus” Engine Shown at B. 

rockers, while the exhaust vahes are operated directly from the overhead 
camshaft. The valve stems have been considerably lengthened so as to 
give room for longer valve springs, the lift of the valves being rather 
greater than in the Puma. 

Aluminum alloy pistons of new design are employed, and although they 
are of larger diameter, they are actually lighter than the original. 'Phis 
also applies to other reciprocating parts which, in spite of the greater 
power developed, are lighter than those of the original engine. The over- 
head valve gear remains substantially the same as that of the Puma. The 
connecting rods are of the same type as those of the original engine, but 
are of slightly different dimensions. The crankshaft is of a heavier type 
than that employed in the Puma engine. The induction system is a par- 
ticularly simple one, with two carburetors feeding three cylinders each. 
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Fig. 712. — Photographs Showing Structural Details of ADC “Nimbus” Engine. 
Cylinder Head Shown at Top and Cast Alloy Water Jacket Group for Three Cylinders 
Below it. Other Views Show Inlet and Exhaust Valve Construction, and Cylinder 
Shell or Sleeve, Piston and Connecting Rod and Wristpin. 
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The objectives attained in the design of the Nimbus engine may be 
tabulated as follows : 

1. Loz v Weight Per Horsepower — Two pounds. 

Actually the Nimbus is the lightest engine of its type ever produced. 

2. Lozv Petrol Consumption: 

During the Air Ministry type test (officially observed by A.I.D.) 
the Nimbus engine demonstrated a phenomenally low combined 
petrol and oil consumption which, the makers have reason to believe, 
constitutes a low figure record for any engine run on an Air Ministry 
type test. 



Alloy Head 


Alloy 

Water 

Jacket 


I Cylinder Rural Holddown / . v v g 0 g 3 folding 

Cas ting Steel Cylinder y Head and Jacket 

Section. 
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Threaded 
Retention 
Ring 

Section 
Clamping 
Rmg 




Valve Seat 
Plug 


Clamp Screw 


Special Tool tor 
^00^ Groove for screwing in 

damp Ping Valve Seat Plug 



Fig. 713. — Sketches Showing Method of Holding Cylinders of “Nimbus” Engine to 
Crankcase and Water Jacket to Cylinder at A. B Shows Valve Seat Plugs Holding 

Cylinder to the Head. 


3. Minimum Head Resistance: 

As shown in illustration. 

4. Easy Installation: 

Interchangeable with the Puma engine. 

5. High Efficiency and Reliability: 

Demonstrated during Air Ministry type test and hundreds of hours 

running in the air and on the bench. 

Endurance power was remarkably demonstrated by the engine, which, 
after completing the type test, ran for one hour at full throttle and maxi- 
mum r.p.m., i.e., 1,600. At the commencement of the latter run the engine 
was giving 327.5 which improved until the engine was finally holding 335.6 
brake horsepower at the end of the hour. A further hour was run at 1,680 
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r.p.rn. as a high speed test to demonstrate the overload capacity of the 
bearings and valve gear. The slow running test averaged 300 r.p.m. over 
ten minutes running. 


SPECIFICATION 


Type 

Cooling- 

Bore 

Stroke . . 

Normal K 1’ M 
Maximum RPM . . . 

Normal K.Hp 

Maximum B.IIp . ... 

Pctiol consumption at .105 Blip at 1450 
RPM 

or 

Petrol consumption wlmi inuring at 270 

lip at 1450 R P M 

or 


Oil consumption 

Compression Ratio 

Weight dr> (complete with an screw- boss, 
hut minus radiator and water) 


Six cylinder, vertical, direct drive 
W ater 
152 mm. 

190 mm. 

1450 

1600 

205 at 1450 R P.M. 

235 at 1000 K P.M. 

.52 pints per hp hour 

.295 liters per hp hour 

.49 lbs. per hp hour 

.222 kg per hp hour 

.51 pints per hp. hour 

.289 liters per hp hour 

.48 lbs per hp hour 

.218 kg per hp hour 

.017 pints (.()()<) liters) per hp. 

hour 
5 4:1 

67 0 pi ns or minus 10 11 is. 

(304 plus or minus 4 55 kg ) 


Air Ministry ly/H' Test ( officially observed by A.I.D.). 

r l'he Nimbus engine has passed the Air Ministry U pe test Outstand- 
ing features demonstrated by the engine during this extended running on 
the type test were as follows: 

Average petrol consumption during type test at ?,/ j,,ths power, viz: 270 
horsepower at 1,450 r p.m. : 

.505 pints or .474 lbs. ) per horsepower 
.286 liters or .214 kg. {hour. 

Average oil consumption during type test at Vndhs power, viz: 270 
horsepower at 1,450 r.p.m.: 

.017 pints or .010 lbs. )per horsepower 
.009 liters or .008 kg. {hour. 


Mercedes-Benz Type Dlla Engine. — This is a six-cvlinder water- 
cooled engine of 120 horsepower and is clearly shown at Figs. 714 A and B. 
In accordance with the requirements with which this engine has to comply, 
on account of its purposes, the materials employed in its construction arc 
of the highest quality and submitted to the most severe tests, prior to 
their use. The design of this engine, in which are embodied the results of 
several decades of practical experience, guarantees the highest possible 
degree of reliability, with a minimum of maintenance, in spite of its ex- 
treme simplicity of working and supervision. 

The upper and the lower halves of the crankcase are made of aluminum. 
The chrome nickel steel crankshaft runs in four white metal hearings. The 
six steel cylinders of 125 millimeter bore and 150 millimeter stroke are mounted 
vertically in pairs on the crankcase. Water jackets are welded on. In each 
of the cylinder heads, directly over the aluminum pistons, are fitted a pair 
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of inverted vertical chrome steel valves for each cylinder, which are op- 
erated by overhead camshaft. The camshaft is driven from the crankshaft 
through bevel gears and an intermediate shaft, which also drives, through 
bevel gears, two "Bosch” magneto ignition sets. Two plugs per cylinder 
are fitted. The magneto ignition sets are provided with hand controlled 
timing and are adjusted for advanced ignition by spring tension. The 
water pump and the oil pump are also driven from the crankshaft through 


Overhead camshaft 




^ '' -"MFiT 

* -t* f 


r 


- c 

Magneto | | “ 

\.i.f J 

< 'i'* 1 - Ji J 

\ * ' ‘ 


'% Cylinders 
\ --L/ m pairs 

4 Water 
L/manifold 


/ 

Pump 

greaser J 
lA 


. i i ’i? 






* 




s An ’ 



,*c _ 
',-1 


Air screw hub 


Water pump 


Manifold 

feeds three ,x 
cylinders /. 




I ' * . 1 , 

I l j ' i 

^ **4^ ,u. *J|^ 



■“ " f l . ,\ £ 


Magnetos 

I \A 





if 


j y LU J . — ' ^ V ~ 


Double 

carburetor 




/ ■ 
Oil sump 


f Water 
> ,. v ’-/pump 

J** 


Fig. 714.— At Top, Exhaust Side of Mercedes-Benz (German) Dll Engine, a Six- 
Cylinder In-Line Form Having Cylinders Assembled in Pairs. The Bottom View i® 
the Carburetor Side of the Same Engine. 
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the intermediary of a vertical secondary shaft through bevel and helical 
gears respectively. The centrifugal pump maintains a continuous circula- 
tion of cooling Avater through the t c\ linder jackets and through the heating 
jacket of the “Mercedes-1 »enz” double carburetor towards the radiator. The 
carburetor is fitted with a device for automatic adjustment of the supph 
of additional air. The oil pump is fitted in the lowest part of the crankcase 
and forces a continuous supply of fresh oil to the main crankshaft bearings 
the big-end bearings, the gudgeon pins and the camshaft bearings, while 
the lubrication of the pistons is effected by splash. The oil which flow** 
back into the crankcase is filtered and returns to the pump. An oil level 
regulating pump which works in connection with the oil circulation pump 
adjusts automatically the proper level of the lubricant in the crankcase, 
which can be ascertained by means of a cock and of a glass level gauge. 

The engine is started by means of a “Bosch” starter magneto. The 
fuel is fed into the carburetor under pressure by a small reciprocating air 
pump which is fitted above the vertical secondary shaft and driven by the 
latter. The principal dimensions and figures of performance arc indi- 
cated bv the table below : 


SPECIFICATIONS— MERCEDES KFNZ Dll 


Number of c\Iimk*r> . . 6 

Hole 125 mill. 

Stroke .... . ... 150 mm. 

Capacity of cylinders ... 11,045 ccm. 

bent; lb 1450 mm 

Width . . . . . 500 mm 

Height . 1150 mm. 

Normal number ot revolutions . . ... 1450 

Useful power .... 130 ITp. 

Useful power for an atmospheric density of 1 25 . . 136 Hp. 

Fuel consumption per IIP- hour 230 grams 

Oil consumption per HP-hour 15 grams 

Dry weight of the engine 200 kilos 

Weight of propeller boss 4 kilos 

Water capacity 10 liters 

Oil capacity 6 liters 


Beardmore Six-Cylinder Engine. — While it is not possible in a book of 
this character to describe all know n aviation engines, a recent British type 
is noteworthy in that it is an extremely large cylinder high-powered type. 
It is said to be one of the largest aircraft powerplants yet constructed and 
is a six-cylinder form as illustrated at Fig. 715. The cylinders are 8^ inch 
bore and twelve inch stroke with a compression ratio of 5.25 to 1. The dr\ 
engine weight is given at 2,150 pounds. The overall length of the unit is 
80.3 inches with a maximum width of 35 inches, while the overall height is 
60.37 inches, with a total height above the center-line of the crankshaft of 
45.25 inches, and a maximum depth to the lowest point below the crank- 
shaft center of 15.12 inches. The engine is water cooled and a circulating 
pump is fitted. The ignition system is in duplicate, and two magnetos arc 
employed. As illustrated, the engine is designed for a left-hand tractor- 
type propeller running at a normal speed of from 1,220 to 1,350 r.p.m. 
according to the power it is desired to develop. 
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Fig. 715.— Sectional Views of Beardmore (English) Six-Cylinder Aircraft Engine, Rated at 950 Horsepower, 8H Inch Bore and 12 Inch 

Stroke, the Largest Six-Cylinder Type to be Built for Aviation Use. 
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In getting out the new design the object in view was to develop as high 
a power as possible in a few cylinders. It was also sought to reduce the 
number of engine parts while retaining the maximum accessibility. An 
outstanding feature of the engine is its compact and clean outline, which 
enables it to be installed in a very narrow fuselage, thereby reducing con- 
siderably the amount of head resistance which would be offered by an 
engine either of the radial or the Vee type. The crankcase, which is mark 
in aluminum, forms the main engine body. It incloses the crankshaft awl 
its bearings, which are carried on transverse girders, while the camshaft i*. 
accommodated in the top part of the casing At the level of the crankshaft, 
the body is swelled out to give great lateral strength to the crankcase about 
the crankshaft, and permit of direct connection to the engine bearer*-, 
while underneath there is a lcmovable oil sump. Access to the working 
parts is given by inspection doors, which are fitted to each cylinder, oni- 
on either side of the crankcase, (blinder liners of thm steel are inserted 
into the upper part of the casing, and are supported both at the top face 
and by a lower ring, which incloses the cooling water space 

It will be seen that the cylinder head and val\e gear form a scpaiatc 
unit, which is readily detachable. For each cylinder there arc two exhaust 
and two induction \al\es which are operated through rocker lexers b\ 
short push rods. As shown in the left-hand cylinder section, twin spaik 
plugs are fitted in the crown of the cxlmdcr head and are well cooled. 
The same illustration shows the end gcarcase inclosing the gear dm e trom 
the crankshaft. The camshaft, it will be seen, is driven by a series <>! 
intermediate gears, which in turn are usually employed to drixe various 
accessories mounted on ihc end case. This easing - , with its attachments, 
is so designed that it can be removed from the engine in a few minutes while 
each accessory can, when required, be quickly detached. 'The various 
auxiliary fittings referred to, include, besides the two magnetos, the lubn 
eating oil pressure and suction pumps, the circulating water and fuel 
pumps, as well as a gas distributor, and gun gear, when the engine is 
designed for use in a military machine. At the bottom of the gcarcase 
there are duplex lubricating oil filters on both the piessure and suction 
sides of the oil system. The filters are provided with change-over valve*-, 
so that either can he cleaned while the engine is running. 

Brief reference may be made to the lubricating system. ( )il is delivered 
under pressure to the main hearings, and passes by means of drilled pas- 
sages to the big ends, after which it is taken up to the piston pins through 
tubular connections, which are strapped to the webs of the steel connecting 
rods. A hollow piston pin, w ith closed ends, is used. The piston is made 
of forged and machined aluminum, and is fitted with three piston rings and 
one scraper ring. All of the wdieels have ground teeth, and ample lubrica- 
tion is provided by the oil, which returns from the pressure-fed camshaft 
bearings. 

The engine described w r as fitted w r ith a 97 millimeter Zenith twin carbu- 
retor, which works together with an induction system, that has been evolved 
as the result of considerable experimental work. The test results given 
below 7 apply to the engine fitted with this carburetor, but a superior per- 
formance which approximates more closely to the standard type of engine 
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is given when a 120 millimeter carburetor is fitted. 

TEST RESULTS 


Speed, load and power Fuel-consumption 





Average 

Pounds 

R.P.M. 

Pounds 

B.Hp. 

fuel used 

per B.Hp. 


loads 


per lir , gal. 

hour 

1220 

710 

722 

44 22 

0 465 

1220 

705 

808 

51 

0 48 

1250 

842 

949 

63.75 

0 512 


The BMW Va Aero-Engine. — This is a six-cylinder, water-cooled en- 
gine and represents an unproved form of the BMW IV, with increased 
output, reliability and durability. In designing this engine special care was 
taken that it could lie installed in any plane in place of the BMW IV, 
without difficulty. As in all other BMW aero-engines, the principle of the 


Overhead valve gear 



Fig. 716. — Carburetor Side of BMW Va (German) Six-Cylinder Aircraft Engine. 

over-dimensioned, high compression altitude engine is applied to the BMW 
Va. The side view of the engine is shown at Fig. 716 and a rear or anti- 
propeller end view is given at Fig. 717. Special care was taken to produce 
a reliable crankshaft assembly. The crankshaft is therefore specially well 
dimensioned and has proved its absolute reliability in test runs of several 
hundred hours at an average continuous output of 350 horsepower. As a 
result of the dimensions of the crankshaft assembly, it is possible to run 
the BMW Va engine at the maximum output (now called the “highest per- 
missible output”) not only for a few minutes, as was the case with all 
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BMW engines up till now, but for an hour, if necessary. This fact was 
proved during the type test, which included five hours running at the 
highest permissible output, with a continuous run of four hours. 

Instead of the usual thrust ball bearing, the BMW Ya is fitted with a 
plain bearing for taking up the propeller thrust. This improvement has 
proved extremely advantageous and after several hundred hours of ver\ 
heavy running on the test bed no signs of undue wear could be found 
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Fig. 717.— Anti- Propeller End View of BMW Va Six-Cylinder Engine Showing 
Magneto Drive, AM Fuel Pumps and Water Pump. 

although the propeller thrust is much heavier on the test bed than when the 
engine is installed in the plane. The arrangement of the plain thrust 
bearing makes it possible to provide a flange propeller boss, which has 
many great advantages in comparison to the conical bosses. For one 
thing, the boss can never seize, as is so often the case with conical bosses. 
For this engine, the specially designed BMW boss can be used. The boss 
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driving flange is shown at Fig. 716. Another advantage in comparison to 
the BMW IV engine is the cooling of the oil by means of the cold mixture. 
A special eccentric pump turns the oil in the sump in the lower part of 
the crankcase about twice in the minute and forces it through a jacket 
surrounding the induction pipes, between the carburetor and the engine, 
the oil transferring its heat to the cold mixture. For planes which are 
intended for use in specially hot regions, an additional oil cooler can be 
fitted in the oil piping, behind the heating jackets on the intake pipes. 

The new centrifugal drum oil cleaner greatly increases the reliability 
of the engine, as all dirt and foreign matter is removed from the oil. This 
oil cleaner is fitted in the hollow magneto-bracket on the carburetor side of 
the engine and the drum can be taken out and cleaned by simply removing 
the cover, which is fixed by four screws. In view of the great reliability 
and durability of the BMW I V type of cylinders, the same type, with 
sexeral small improvements, which experience has shown to be necessary 
or advisable, is used for the BMW Va. These slight improvements, taken 
as a whole, have led to an enormous improvement in the running period 
between overhauls. The BMW IV type of valve actuation has been 
adapted to the BMW Va, as the use of rockers and springs which are 
always accessible greatly simplifies the upkeep of the parts in question. 
For this reason, this system is just as popular as the totally enclosed type. 
Certain improvements have also been made in the fixture of the camshaft 
casing, so that the strain on the holts is very small. At the same time, a 
further advantage is incorporated in this improvement as the cylinders 
are interchangeable, and the supporting surfaces for the camshaft casing 
can be ground to exactly the same height for all cylinders. 

The vertical driving shaft for the valve gearing is made from one piece 
with the driving pinion, the gear for the auxiliary drives and the worm 
wheel for the distributor of the compressed air starter. This shaft runs in 
plain hearings. Any displacement of the driving gear is thus quite im- 
possible and the use of plain bearings, necessary as a result of the shaft 
and the various gears being manufactured in one piece, results in a very 
much more exagt and quiet running than is the case with roller bearings. 
The magneto drive has been greatly improved by the use of double ball 
bearings for the driving gears and of the Bosch elastic rubber couplings. 
At the same time, a new Bosch magneto type “G.F.6” is used. In this 
new magneto, the armature poles, the coils and the interrupter remain 
stationary, and only a light sleeve for conducting and interrupting the 
lines of force revolves. The momentum of the rotating parts is thus ex- 
tremely small and the variations in the torcpie of the engine and the tor- 
sional vibrations of the crankshaft cause only very slight strains on the 
magneto drive, due to inertia forces. If one takes the fact into considera- 
tion that the torsional vibrations of the crankshaft are very small as a 
result of the ample dimensions of the same it is evident that these im- 
provements in the magneto drive lead to a considerable increase in the 
reliability of the engine in general. An improvement was also made in 
the distributor for the compressed air starter, which, up till now, rotated 
continually with the engine and had to be lubricated. The new BMW 
distributor is connected to the drive only when it is under pressure, and 
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as soon as the compressed air is turned off after starting- the engine, the dis- 
tributor and its drive disengage automatically. Only Zenith carburetors are 
now used, principally because this type is so much in use in Europe. In 
case of troubles, skilled mechanics, who know the Zenith carburetors 
thoroughly, can be found at every flying ground and spares and replacement 
parts can also be procured, so that the adoption of this type of carburetor 
is a great advantage for all users of the BMW engines. 

Thus, all the experience of the past few years and all the suggestions 
made, although in many cases not vital, but nevertheless important to a 
certain degree, are incorporated in this new engine. 

SPKCILK/ATIONS HMW Va 


No of cyhiulct.s <> 

Arrangement of s.mic . . m row 

Bore . o inn" ( 1()0 nnn) 

Stroke . 7 482" ( 1 ( )() mm) 

Direction of rotation ant i-clocku me, facing 

propel lei 

Highest permissible no ni u\s. when flying . . 1 ( )()0 K V..M. 

Length overall, without AM pumps, with BMW 

boss ... <>5(>7" (1668 mill) 

(neatest breadth 25" ((>35 mm) 

(ireatest height 44 <>1" (1133 nun) 

Weight of engine, ready for service, without 
propeller boss, compressed air starter and 
withoul water and oil in enguu * with alumi- 
num crankcase 608 7 lbs (317 kilos) 

Weight of BMW propeller boss 18 25 lbs. (8 28 kilos) 

Weight of water in engine 22 05 lbs (10 kilos) 

Weight of oil m engine 13 23 lbs. ( (> kilos) 

Dimensions of packing case ' 

Length f>8 0" 

Brcadtli 34 3" 

Height 53 0" 

Weight of packed engine 1180 lbs. 


BMW VI Engine. — The BMYV Vi airplane engine shown at Figs. 718 
and 7 IB is a water-cooled twelve-cylinder engine, with two cylinder bat- 
teries inclined at an angle of 60 degrees in the usual Vce form. 1 he mam 
constructional principles of this engine are the same as those of the famous 
BMW Ilia and BMW IV. which were such a remarkable success in the 
Civil Air Service. The principle of the oversized, high-compression en- 
gine, realized for the first time by the Bayerischc Motoren Werkc in then 
BMW I IJa engine, has also been applied to this type — to a much great ci 
degree than in former types, in fact. The transmission parts arc so dimen- 
sioned that it is possible to use the full maximum power at sea level for 
a short time, so that the greatest possible output is at the disposal of the 
pilot for the start. The surfaces of all bearings are so dimensioned that 
with a continuous output of 500 to 550 horsepower, which varies according 
to the ignition and vaporizing qualities of the fuel used, the greatest relia 
bility and durability is insured. On the other hand, also, when the maxi 
mum output is used for a short time, there is no danger of overloading the 
bearings. These great advantages are attained, in the first place, b) 
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Fig. 718. — Side View of BMW VI Twelve-Cylinder Aircraft Motor, Typical of German 

“Vee” Engine Design. 

providing 1 roller hearings for the piston rods, special attention being paid 
to the development of the same. 'The P»M W piston rod roller hearing has 
been so perfected that it can now he regarded as the most insensitive and 
inexpensive hearing in use. The engine may he obtained with or with- 
out reduction gear. 

Each engine is supplied ready for service with two magnetos, circulation 
pump, oil pump, revolution indicator drive, atomizer and the piping on the 
engine itself. The following equipment is also supplied: propeller boss, 



Fig. 719. — Side View of BMW VI with Farman Reduction Gear Installed. 
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one set of special tools, starter magneto (booster) with change-over switch, 
and fuel strainer. 

It is possible to drive the following auxiliary mechanism, which can be 
supplied, if required, at an extra charge: — Dynamo for W.T., lighting and 
heating. AM fuel pumps. Compressed air starter. Hand turning gear 
or electric starter. Inertia starter. As fuel pumps, two AM pumps are 
supplied, which arc so dimensioned that even if one pump is out of action 
the other still supplies the engine with sufficient fuel. As this pump is 
very popular on French and German aviation engines a sectional view of 
the pump is given at Fig. 7 20. The pumping element is a sylphon or 
metallic bellows member, guided by sleeve inside of which the return 
spring and operating plunger are housed. The plunger has a ring at the 
end that encircles the operating eccentric. The stroke can be varied by 
suitable mechanism. 

CONSTRUCTIONAL DATA ANT) WEIGHTS 


No of cylinders 12 

Bore 100 mm. (6 39") 

Stroke 190 mm. (7. 48") 

Length overall ( includ.ng AM pumps) 

without rcductini gear 1 970 mm ( 77 6" ) 
with reduction g ar 2060 mm. (812") 
Greatest breadth without rcductioi gear 844 nun. (22 2") 

with reduction g at 844 mm. (22 2") 
Greatest height . without redactin' gear 1057 mm. (414") 

with reduction g ar 1057 mm. (41.4") 

Weight of engine in running order, without water, i il, prone* lev hi ss and exhaust 

manifold : 

Without reduction gear, aluminum 505 kilos (1118 Ihs ) 

Without reduction gear, magnesium 460 “ (1015 “ ) 

Willi reduction gear, aluminum 521 (1172 “ ) 

With reduction gear, magnesium 488 “ ( 1075 “ ) 

Weight of propeller boss, for engine w r ith reduction gear 115 “ (25 2 “ ) 

without reduction gear 120 “ (27 7 “ ) 

Water contents of engine 10 “ (410 “ ) 

Oil in sump ) “ (13.2 “ ) 

Dimensions of packing case: Without red. year ll’ith red year 

Length 2 meters (78 0") 2.1 meters (82.o") 

Breadth 106 “ (41.7") 1.00 “ (41.7") 

Height 144 “ (50 0") 144 “ (5f.0") 

Gross weight of engine, packed in case: 840 kilos (1842 lbs.) 875 kilos (1925 Ihs.) 


BMW vr 7.3 
E=7.3 
BMW ('arl». 


MAXIMUM OUTPUT . . Hp. 700 

Revs, of crankshaft p.m “ 1550 

Revs, of propeller p.m. with 

reduction gear “ 970 

Average continuous output 

allowable*) “ 500 

Revs, of crankshaft p.m “ 1390 

Revs, of propeller p.m. with 

reduction gear “ 870 


BMW VI 7.3 Z 
E-7 3 
Zenith C.ub. 

BMW VI r>.3 

E= - (*. 1 

BMW ('arli. 

BMW VT «5 5 
E=-5 ■> 
BMW ( ail) 

800 

640 

600 

1700 

1530 

1500 

1060 

955 

940 

500 

500 

500 

1455 

1410 

1410 

910 

882 

882 
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WEIGHTS OF AUXILIARIES 


Drive for W.T. dynamo 2.07 kilos (4.55 lbs ) 

Compressed air pump set M3 (248 “ ) 

AM pump set 8.93 (19.7 “ ) 

Compressed air starter with 2 filled air flasks, .sufficient 

for starting 20 times 31 65 (69.5 “ ) 

Bristol gas starter, complete with fuel tank, hut without 

fuel 25 50 (56.2 14 ) 

Hand turning gear, 15 MW type: 

with hand starter magneto, inch crank 9 3 (20.5 “ ) 

without hand starter magneto, inch crank 0 7 (14.75 44 ) 

Electric Starter: 

Type “Earman,” with battery and dynamo . 38 5 (84.5 44 ) 

Type “Eclipse,” without battery and without dynamo 17.55 (38.6 44 ) 

Battery for same 19.5 (43 44 ) 

Inertia Starter: 

“Aeromanne,” with hand drive 18 3 (40 4 41 ) 

“Eclipse,” with hand drive ... 11 75 (25 8 “ ) 

“Eclipse,” with hand and electric drive, without 

battery 15 5 (342 “) 

battery for same 16 (35.2 44 ) 


*) The average continuous tie raised to 550 Hp dmed to 4 50 H’ 

iding 1o the <|u.ilitv ol llit lut i*d, tin ha ling ot the c, the uphill* 

.lunate and similar failots 



Fig. 720. — The A.M. Fuel Pump Sectional View Shows Metal Bellows of Sylphon Type 
Used with Various French and German Aircraft Engines to Supply Carburetors. 
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Lorraine W Type Engines. — The Socictc Lorraine built two water- 
cooled motors having the \V arrangement of cylinders. The twelve cylin 
der type shown at Fig. 721 is rated at 450 CV. It may be obtained either 
as a geared type using the Lorraine planetary reduction gear or with direct 
drive propeller. The direct drive type- weighs 395 kilograms with all acces- 
sories, the geared type weighs 428 kilograms fully equipped. The cylinders 
are 120 millimeter bore and 180 millimeter stroke. The cylinders are assem- 
bled in groups of two though they are made separately and each two cylin- 
ders have a common water jacket of steel welded in place. Two valves are 



Fig. 721. — Propeller End View of Lorraine (French) Twelve- Cylinder W Type 
Aviation Engine Rated at 450 CV. 

used per cylinder, each valve having three valve springs. The camshaft 
is the usual overhead type carried in aluminum housing as in the Liberty 
engine. Valve actuation is similar. Each rocker arm is carried by three 
bearings and cover plates give easy access to the housing interior, lhe 
motor crankcase of aluminum divided on the horizontal center line of the 
crankshaft, the three main bearings for the shaft being formed by upper 
and lower halves of the crankcase. The crankshaft is of alloy steel. I he 
carburetor system includes two Zenith carburetors, one having a single 
mixing chamber and feeding only one set of four cylinders, the other i> 
a double outlet form and feeds two banks of cylinders. Two AM type 
fuel pumps are placed at the rear of the magneto drive gears. 1 wo twelve- 
cylinder magnetos are used for ignition. The oil circulation is by a triple* 
oscillating plunger pump, the two outer plungers serving as suction mem- 
bers to draw oil from a separate tank and force it to the main bearings 
and to passages in the crankshaft. The oil also is fed to the camshaft 
housings to lubricate the cams and rocker arms and then returns to the 
crankcase. The center plunger of the pump is the scavenging member. 
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The motor is started hy a carbureted air starter. The use of a reduction 
gear permits the engine to turn at 1,000 r.p.m. while the air propeller turns 
at 1,250 r.p.m. 

An eighteen-cylinder W type motor is shown at Eig. 722. In this en- 
gine the cylinders are arranged in three banks of six, each cylinder being 
an individual forging of steel with a built on water jacket. The motor 
is rated at 650 CV., the cylinders being 120 millimeter bore and 180 milli- 
meter stroke. This engine may also be obtained as a direct drive type 
which weighs 557 kilograms fully equipped while the geared type weighs 
621 kilograms with accessories. In this engine four Zenith carburetors are 



Fig. 722. — Propeller End View of Lorraine Eighteen-Cylinder W Type Water-Cooled 
Aviation Engine Rated at 650 CV. 

used, two having single outlets, two having double outlets. They are the 
water jacket type. As this arrangement of carburetors pro\ ides six outlets, 
the manifolding is so arranged that each outlet feeds three cylinders only. 
Two magnetos are used, each having eighteen secondary distributor outlets. 
I'he engine is capable of speeds of 2,000 r.p.m. and in general details of 
construction it resembles the twelve-cylinder type. The crankshaft is a 
seven main bearing type and the bearings are held between upper and 
lower halves of the horizontally divided crankcase of aluminum alloy. 
The construction of the master connecting rods and link rods has been 
previously described in the section on connecting rods. 

Panhard Sleeve Valve Type 12L Engine. — The only engine of which 
the writer has any knowledge that has received practical application in 
aircraft using the Knight sleeve valves instead of the usual poppet valves 
almost universally used is the Panhard Type 12L rated at 500 CV. The 
motor is the usual Yee type with two banks of six cylinders placed at an 
angle of 60 degrees. It is a four cycle type. The bore is 140 millimeters. 
The stroke is 170 millimeters. The compression pressure is determined 
hy the ratio of 5.4 to 1. The valve actuation is hy the usual small crank- 
shafts mounted as auxiliaries to the main crankshaft which reciprocate the 
sleeves by small connecting rods as previously described in the chapter 
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on valve systems. Water cooling is by a centrifugal pump mounted at th' 
anti-propeller end of the motor, as shown at Fig. 723, which also show 
the magneto installation. The pump casing has one inlet and two outlet 
pipes. Lubrication is assured by gear pumps and is the usual pressure- 
scavenging combination used by most aviation engines. 



Fig. 723. — Accessory Drive End of Panhard (French) Twelve-Cylinder “Vee” Type 
Sleeve Valve Aviation Engine. 


The earburetion is by special Panhard duplex carburetors, two being 
used, one for each bank and mounted on the outside of the bank instead of 
inside the Vee between the cylinders. Each of the mixing chambers feeds 
three cylinders by a straight manifold. Starting is accomplished by com- 
pressed air, a distributor being placed on the motor for the purpose of 
properly directing the air. The weight of the motor is given as 460 kilo- 
grams and it will deliver as high as 550 CV. (French horsepower). The 
motor is one meter 800 millimeters long including propeller hub. The width 
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of the motor is 880 millimeters and the height is the same as the width. A 
side view of the motor is given at Fig. 724. The cylinders are of steel, each 
cylinder having its own water jacket of sheet steel welded by the autoge- 
nous process. The cylinder heads are separate, as in all Knight motors and 
carry the sparkplugs and the air starter check valves. 

The crankcases are made of special aluminum alloy known as Alpax 
and are divided on the horizontal center line of the crankshaft. The bearing 
supports are in both upper and lower crankcase members. The anti- 
propeller end of the crankcase is closed by a member carrying the bearing 



Fig. 724. — Side View of Panhard Sleeve Valve Motor Showing Carburetor Installation. 

for the various accessory driveshafts as well as the patls for supporting 
the magnetos. A ball thrust bearing is mounted in the nose piece to 
resist propeller thrust in the usual manner. The sleeve \alve reciprocating 
or eccentric shafts are supported by seven bearings and arc driven by 
simple spur gearing. The sleeves are of steel, placed between the cylinders 
and pistons in the customary manner. The sleeves are provided with 
suitable ports registering with ports in the cylinders for the intake and 
exhaust of the gas. The crankshaft has six throws and is supported by 
seven bearings, two end main bearings and a bearing between each pair 
of cylinders. The connecting rods are of the fork and blade type. The 
pistons are of aluminum alloy and cast iron piston rings are used. The 
inside of the Vee between the cylinders is clear except for the exhaust 
outlets as shown in end view. As all of the sleeve valve actuating mechan- 
ism is carried inside the crankcase, the exterior of the engine is very clean. 
The dry weight of about two pounds per horsepower compares favorably 
with that of other engines of conventional form and design. 

Rolls-Royce F Type Aero-Engine. — The Rolls-Royce F type aero- 
engine is of the twelve-cylinder water-cooled type having two rows of 
cylinders at 60 degrees, fitted with a spur drive reduction gear for the 
airscrew, magneto ignition and complete with engine supporting brackets. 
It is illustrated at Figs. 725 and 726. The engine can be supplied with 
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either .632 to 1 or .553 to 1 ratio reduction gear, also with either six to one 
or seven to one compression ratio pistons. With six to one compression 
pistons the engine will develop 490 brake horsepower at normal speed ai 
ground level. If fitted with seven to one compression pistons, the engine 
will develop 480 brake horsepower at normal speed at ground level, and thi- 
power can be regained at an altitude of 3.000 feet by opening the throttle to 
full open position The engine is designated by four series numbers accord 
ing to the gear ratio and ratio compression, the leading particulars of each 
series being as follows: 


Series No. 


F XI V. 

‘ XI. R. 

F.X11.A 

F.XH1 

No of cylinders 


12 

12 

12 

12 

bore 


5" 

5" 

5" 

5" 

Stroke 


5 5" 

5 5" 

5 5" 

5 5" 

Normal R.TTp 


400 

480 

400 

480 

Normal speed (crankshaft) 


2250 

2250 

2250 

2250 

Maximum speed 


2500 

2500 

2500 

2500 

Normal sjteed of propeller 


1421 

1421 

1244 

1244 

'Reduction gear ratio 


622 

622 

552 

.552 

Compression iatio of engine 
Fuel consumption in gallons 
hour at normal power 

pel 

and 

6-1 

7-1 

0:1 

7 1 

speed . 


20 

28 25 

20 

28 25 

Oil consumption m pints per hour 
Weight °f engine, including caihu- 
retors, magneto^ engine feet, 
reduction gear, and aii screw 
huh, hut excluding exhaust 
boxes, ladiator, airscrew, oil, 

5 

5 

5 

5 

fuel and water in lbs 


805 

865 

865 

865 


Cylinders. — Th(‘ cylinders are in blocks of six, each block being mounted 
on the crankcase at an angle of 60 degrees \\ ith each other. They are of 
cast aluminum, provided with steel liners and renewable valve seats. The 
heads are integral with the cylinder blocks. Two inlet and two exhaust 
valves are provided per cylinder, operated by camshafts and rockers. The 
valves are made from special steel to withstand high temperature condi- 
tions, and operate in renewable guides. The camshafts and rocker mech- 
anism are mounted on top of the cylinder heads, and are totally enclosed 
by means of a removable cylinder head cover. The whole of the valve 
mechanism is positively lubricated. The inlet and exhaust valves of each 
cylinder block are operated by one camshaft. The camshafts are machined 
from five per cent case-hardening nickel steel bar, the bearing surfaces and 
cam faces being hardened and ground. The valve rockers are five per 
cent case-hardening nickel steel forgings, machined all over and provided 
with hardened cam follower faces and hardened steel adjustable tappets. 

Auxiliary Gear Drives. — The gears for driving the camshafts and all 
auxiliaries arc driven from the rear end of the crankshaft, through the 
medium of a spring drive to elminate crankshaft torsional vibrations from 
all auxiliary drives. The gears are made from five per cent case-hardening 
nickel steel and worm wheels made from phosphor bronze, and all gears 
are fitted to shafts running on ball bearings and totally enclosed in a suit- 
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able casing. The camshafts are driven by means of inclined tubular driv- 
ing shafts with bevel gears at the upper and lower ends. Out-of-alignment 
and expansion effects are allowed for by hardened serrated couplings. The 
driving shafts arc supported in ball bearings, and the whole totally enclosed 
m tubular casings. 

Pistons and Connecting Rods. — The pistons are made from special 
aluminum alloy forgings machined all over, and arc of special design, which 
enables the heat to be dissipated in order to keep the temperature of the 
piston heads as low as possible. Four piston rings are provided, three 
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Fig. 725. — Rear View of Rolls-Royce “F” Type (English) Aero Engine at A. Front 
View of Engine Shown at B. 

being arranged as compression rings above the gudgeon pin and one 
scraper ring below at the base of the piston skirt. The compression rings 
are prevented from rotation by means of stops. The gudgeon pins are of 
five per cent case-hardening nickel steel, hardened and ground. They are 
arranged to be a “floating” fit in the piston bosses, as well as in the 
connecting rod small end, axial movement being suitably limited. 

The connecting rods are “II” section of the “Forked” type, made from 
three and one-half per cent nickel steel forgings, heat treated to give a high 
Brinell, and machined all over to reduce weight variations. A divided 
white metal lined steel block is bolted to the forked rod. The plain rod 
works upon the center proportion of the steel block, the latter having white 
metal bearing surface. The small ends of both rods are fitted with “float- 
ing” phosphor bronze bushes. All bearings are positively lubricated under 
pressure. 
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Crankshaft and Crankcase. — The six-throw crankshaft is machined 
from a nickel chrome steel forging*, all the journals and crankpins being 
bored for lightness and to convey lubricating oil to all bearings and con- 
necting rods. All crankpins and journals are accurately ground to dost 
limits for size and trueness of diameter. The crankshaft is carried in seven 
bearings of ample proportions. The crankcase is of special aluminum allo\ , 
and is made in two halves of box section suitably ribbed to give the neccs 
sary stiffness. The main bearings, consisting of divided mild steed shells, 
white metal lined, are held in the upper half crankcase by special cap^ 
which are secured by suitable bolts on each bearing. Facings are formed 
on either side of the caps \diich fit between corresponding facings formed 
on cheeks within the upper half crankcase. Transverse bolts pass through 
the crankcase and caps. This arrangement secures the rigidity of one in 
which the caps are integral with the lower half, while retaining the advan- 
tages of caps bolted only to the upper half. 



Carburetion. — Two “Duplex" carburetors are provided of Rolls-Royce 
design and manufacture, fitted with automatic control by which the flow 
of petrol from the float chamber to the jet is automatically regulated to 
suit varying altitudes. Special compensating passages are provided in 
the carburetor, which maintain under all conditions the same pressure in 
the float chamber as in the throat, thereby neutralizing cddycurrent effects. 
These passages also enable the float chamber cover to be sealed thus 
reducing the risk of fuel leakage. The carburetors are mounted between the 
cylinder blocks and are provided with petrol drains at the lowest point, 
and one petrol inlet is provided for both carburetors. I he induction pipes 
are designed to secure even distribution of the charge to the cylinders. 
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Magneto and Ignition System. — Two twelve-terminal high tension mag- 
netos are fitted and are supported on the auxiliary gear case from which 
they are driven by means of serrated couplings. Incorporated in the latter 
is a device for enabling a line and positive adjustment of the ignition ting- 
ing to he efiected. Two sparking plugs of approved make are fitted to each 
cylinder. The control mechanisms for throttle and mixture regulations 
are fitted on the engine, the magneto controls being inter-locked with the 
carburetor throttle controls. The connections between the engine and 
pilot’s seat are not provided by Rolls-Royce, Ltd, being left to those 
responsible for the installation of the engine. 

Reduction Gear. — A single spur gear reduction is fitted at the front end 
of the crankshaft, through which is transmitted the drive to the airscrew. 
The pinion is driven from the crankshaft through a short shaft, having teeth 
at the inner end to engage an internally toothed flange bolted to the crank- 
shaft and at the outer end teeth engaging with teeth cut inside a part of 
the gear pinion. The use of this shaft prevents loads from the gear pinion 
coming on to the crankshaft. The gear wheels are carried oil large size 
roller hearings, mounted in a substantial cast aluminum case. The air- 
screw hub is of three and one-half per cent nickel steel suitable for wooden 
type airscrew. The hub is provided with internal serrations and is mounted 
on similar serrations on the airscrew shaft. 

Cooling and Lubrication. — A centrifugal water circulating pump of 
ample capacity is fitted below the auxiliary gear case and driven from same 
through serrated couplings arranged to take care of movement due to 
expansion or want of alignment. All water pipe connections consist of 
rubber joints to provide flexibility. The lubrication of the engine is on the 
"dry sump” system, the bulk of the oil being carried in a service tank sep- 
arate from the engine. Two "scavenger” pumps and one “pressure” pump 
are carried at the rear end of the lower half crankcase— -one "scavenger” 
pump being arranged to draw oil from the forward end of the crankcase, 
and the second one delivers the oil to the service tank. The "pressure” 
pump takes its supply from the service tank and delivers it to the main 
bearings and other parts under suitable pressure. Each "scavenger” pump 
is provided with a filter, each filter being contained in the oil pump casing. 
The main filter for the pressure pump is supplied as a separate unit. A 
compound relief valve regulates the pressure in the main system, and 
also adjusts the pressure of an auxiliary low pressure system which sup- 
plies oil to the camshaft bearings and their drive mechanism. 

Engine Starting Gear. — Each engine is fitted w ith a hand starting gear 
mounted on the auxiliary gear drive casing, and arranged so that the start- 
ing handle can be used either side of the engine. Priming of the induction 
pipe is effected by the Rolls-Royce priming device, supplied with each 
engine, which enables a highly" atomized mixture of gasoline and air to be 
injected into the induction system. This device is intended to be fitted to 
the pilot’s scat and connected to the induction pipes by means of copper 
tube. This tube is not, however, supplied unless specially ordered. The 
airscrew hub is arranged to take a If ucks Starter Claw which can be sup- 
plied at an extra charge if specially ordered. 
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An arrangement for driving a revolution counter is mounted on the rear 
end of one of the camshafts, the connection being driven at one-quarter 
crankshaft speed. Provision is made in the auxiliary gear drive unit for 
driving the cams for operating the Constantinesco gun fire control gear. 
The auxiliary gear casing is also arranged to receive the plungers of the 



Fig. 727. — Rear View of Rolls-Royce (English) “Condor” III A Aircraft Motor 
Showing Carburetor and Ignition Magneto Installation. 
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<v U n control gear. The cams can be supplied at an extra charge, if re- 
quired, but we do not include the plungers of the control gear. Suitable 
flanges are provided with each engine, and exhaust manifolds can be 
supplied at an extra charge. The direction of rotation of the propeller 
is anti-clockwise as viewed from the propeller end of the engine. Tire 
engine can be used as either a “tractor” or "pusher” without alteration. 



Fig. 728.— Front View of Rolls-Royce "Condor” III A Aircraft Motor Showing 
Reduction Gear Housing and Propeller Drive Flange. 
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A complete set of spanners suitable for carrying out adjustments 
and a light “overhaul” are supplied in a toolbox with each engine. A set 
of special spanners and tools such as are required for dismantling for 
complete “overhauls” and re-erection can be supplied at an extra charge 
All material used in the construction of these engines are produced in 
exact conformity with Rolls-Royce specifications, which are based on many 
years experience with alloy steels and nonferrous alloys. These specifica- 
tions are within the scope of the standard specifications issued by the 
British Air Ministry. All mild and alloy steels are carefully tested in the 
raw state, every bar and billet being proved by heat treatment, fracture 
and Birnell test, to ensure that the raw material is correct to specification 
Each individual crankshaft and propeller shaft forging is tested sepa- 
rately. Camshafts, connecting rods, etc., are tested in batches, one forging 
being selected out of each batch of a specified number and after heat treat- 
ment are required to pass the following tests: 

(a) Tensile (static) 

(1>) Stanton (fatigue) 

(c) Izod Single Impact (heat treatment test) 

In the case of nonferrous metals, tensile test pieces are taken from every 
large casting and from every main cast. 

Rolls-Royce “Condor III. A.” Aero-Engine. — The Rolls-Royce “Condor” 
Aero-Engine is of the twelve-cylinder water-cooled “Vee” type, fitted with 
a spur drive reduction gear for the airscrew, magneto ignition and com- 
plete with engine supporting brackets. It. is shown at Figs. 727 to 729 in- 
clusive. The engine is of the high compression type and the carburetor 
is fitted with a stop to limit the opening of the throttle valve. This stop 
enables the correct position to be determined for the gate control on the 
aircraft, as the throttle should not be opened beyond the stop when the 
machine is operating at an altitude less than 3.000 feet. 

The leading particulars of the engine are as follows: 


Number of cylindcis . . 12 

Bore $//' 

Stroke . . 7Zi” 

Normal B.Hp (at ground level) ... . <)(>5 

Normal speed (Crankshaft) 1900 R.P.M. 

Maximum speed (Crankshaft) ... .... 2100 RP.M. 

Normal speed (Propeller) with 477 reduction gear 907 R.P.M. 

Fuel consumption at normal power and speed 41 gals, per hr. 

Oil consumption * 13 gals, per hr. 

Weight of engine - — including carburetors, magneto's, 
engine feet, distributor and pipes for power start- 
er, etc., hut excluding reduction gear, exhaust 

boxes, radiator, airscrew, oil, fuel and water 1182 Ihs. 

Weight of engine as above, but including reduction 

gear 1338 lbs. 

Weight of engine complete with all the above, but 

without radiator, airscrew, water, oil and fuel.... 1364 lbs. 


Cylinders. — The cylinders are separately mounted on the crankcase 
in two rows of six, at an angle of 60 degrees with each other. They are 
built-up of all-steel construction, being machined from .6 per cent carbon 
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steel forgings with the heads integral with the cylinder barrels. The water 
jackets are die-pressed steel, aceUlene welded at the joints. The valve 
seatings are machined in the cylinder heads. 'Two inlet and two exhaust 
Aalvcs are provided per cylinder, operated by overhead camshafts and 
rockers. The valves seat direct in the part-spherical cylinder heads and 
their stems are consequently divergent. The valves are made from special 
high chromium steel forgings, working in phosphor bronze guides. 

Camshaft Mechanism. — The camshafts are enclosed in steel tubular 
cases which are mounted on the top of the cylinders. Each camshaft is 
provided with six aluminum bearings which are in halves and bolted to- 
gether, and two one-piece bearings, one at either end. To operate the 
divergent valves tappets are interposed between the cams and each rocker, 
the latter being arranged to swing in a plane coincident with or parallel 
to a plane in which its valve lies. The camshafts are machined from five 
per cent case-hardening nickel steel bar, and ground on the bearing sur- 
faces and cam faces. The valve rockers are three and one-half per cent 
nickel steel forgings machined all over having hardened ends bearing on 
the tappets and hardened adjustable end pieces bearing on the valve stems. 

Auxiliary Gear Drives. — The gears for driving the camshafts and all 
auxiliaries are driven from the rear end of the crankshaft, through the 
medium of a spring controlled friction-damped pinion, so eliminating from 
all auxiliary drives, crankshaft torsional vibrations and are totally enclosed 
in a suitable casing. All gears are made from five per cent case-hardening 
nickel steel, accurately fitted to shafts running on ball bearings. The cam- 
shafts are driven by means of inclined tubular dri\ing shafts with bevel 
gear at the tipper and lower ends. Out-of-alignment and expansion effects 
arc allowed for by hardened serrated couplings. The driving shafts are 
supported in ball bearings and the whole totally enclosed in tubular casings. 

Pistons and Connecting Rods. — The pistons are made from special 
aluminum alloy forgings machined all over, and are of special design which 
enables the heat to he dissipated in order to keep the temperature of the 
piston heads as low as possible. Four piston rings are provided, three 
being arranged as compression rings above the gudgeon pin and one 
scraper ring below at the base of the piston skirt. The compression rings 
are prevented from rotation by means of stops. The gudgeon pins are of 
five per cent case-hardening nickel steel, hardened and ground. They are 
arranged to he a “floating” fit in the piston bosses, as well as in the con- 
necting rod small end, axial movement being suitably limited. 

The' connecting rods arc “11” section of the “Forked” type, made from 
three and one-half per cent nickel steel forgings, heat treated to give a high 
Brinell, and machined all over to reduce weight variations. A divided 
white metal lined steel block is bolted to the forked rod. The other rod 
works upon the center portion of the steel block, the latter having white 
metal bearing surface. The small ends of both rods are fitted with “float- 
ing” phosphor bronze bushes. All bearings are positively lubricated under 
pressure. 

Crankshaft and Crankcase. — The six-throw crankshaft is machined from 
a nickel chrome steel forging, all the journals and crankpins being bored for 
lightness and to convey lubricating oil to all bearings and connecting rods. 
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All crankpins and journals are accurately ground to close limits for size 
and trueness of diameter. The crankshaft is carried in seven bearings of 
ample proportions. The crankcase is of special aluminum alloy, and h 
made in two halves of box section suitably ribbed to give the necessan 
stiffness. The main bearings, consisting of divided mild steel shells, white 
metal lined, are held in the upper half crankcase by special “Duralumin" 
caps which are secured by long bolts adjacent to each bearing. Facings 
arc formed on either side of the caps which fit between corresponding 
facings formed on cheeks within the lower half crankcase. Horizontal 
bolts pass through the lower half crankcase and the caps, holding these 



Fig. 729. — Side View of the Rolls-Royce “Condor” III A Aircraft Motor. 

parts rigidly together. This arrangement secures the rigidity of one in 
which the caps are integral with the lower half, while retaining the advan- 
tages of caps bolted only to the upper half. A shaft driven from the tim- 
ing gear is arranged to drive three oil pumps — two “Scavenger” ’and one 
“Pressure” — together with the water circulating pump, these pumps being 
bolted to the bottom of the lower half. 

Reduction Gear. — A single spur gear reduction is fitted at the front 
end of the crankshaft, through which is transmitted the drive to the air- 
screw. The pinion is driven from the crankshaft through a short shaft, 
having teeth at the inner end to engage an internally toothed flange bolted 
to the crankshaft and at the outer end teeth engaging with teeth cut inside 
a part of the gear pinion. The use of this shaft prevents loads from the 
gear pinion coming on to the crankshaft. The gear wheels are carried on 
large size roller bearings, mounted in a substantial cast aluminum case. 
The airscrew shaft is of large diameter, made of nickel chrome steel, and 
is flanged at the front end to take a metal airscrew. A double thrust hall 




ROLLS-ROYCE CONDOR ENGINE 


1533 


bearing is contained in the gear casing to take thrust from the airscrew. 

The airscrew shaft is provided with a flange to which the airscrew hub 
can be bolted. A hub suitable for a wooden airscrew can be supplied at an 
extra charge. 

Carburetion System. — A twin carburetor is provided, each half supply- 
ing one side of the engine. It is of a special Rolls-Royce Claudel-Hobson 
type, fitted with rotating valve adjustments by which the flow of petrol from 
the float chamber to jet may be regulated from the pilot’s seat to suit 
varying altitudes. Special compensating passages are provided in the 
carburetor, which maintain under all conditions the same pressure in the 
float chamber as in the throat, thereby neutralizing eddycurrent effects. 
These passages also enable the float chamber cover to be sealed thus 
reducing the risk of petrol leakage. The carburetor is mounted low down 
at the rear of the engine, facilitating the use of gravity feed for the petrol 
system. The carburetor is self draining through the air intakes. A large 
and convenient gasoline filter is supplied with the engine as a separate unit. 
The induction pipes arc of large diameter, formed with easy bends and 
water jacketed adjacent to each carburetor. 

Ignition, Cooling and Lubrication. — Two twelve-terminal high tension 
magnetos are fitted and are supported on the auxiliary gear case from which 
they are driven by means of serrated couplings. Incorporated in the latter 
is a device for enabling a fine and positne adjustment of the ignition timing 
In be effected. Two sparking plugs of approved make are fitted to each 
cylinder. 

A centrifugal water circulating pump of ample capacity is fitted below 
the bottom half crankcase being driven from the auxiliary shaft through 
skew gears. All water pipe connections consist of special joints having 
rubber rings in compression where flexibility is required. Ill no case arc 
rubber connections of the usual hose type employed. 

The lubrication of the engine is on the “dry sump” system, the bulk of 
the oil being carried m a service tank separate from the engine. Two 
“scavenger” pumps and one “pressure” pump are arranged on the bottom 
of the lower half crankcase. 'The “scavenger” pumps draw oil from the 
crankcase, and deliver it to the service tank and the “pressure” pump 
takes its supply from the service tank and delivers it to the main bear- 
ings and other parts under suitable pressure. The “scavenger” oil pumps 
each ha\c a coarse filter included in their easing, but the main filter for 
the “pressure” pump is supplied as a separate unit, easily taken to pieces 
for inspection without the use of tools. The pressure is regulated by means 
of a spring loaded relief valve. 

Control Mechanism and other Auxiliaries. — The control mechanisms 
for throttle and mixture regulator arc fitted on the engine, the magneto 
control being inter-connected with the throttle control. The connections 
between the engine and pilot’s scat are not provided by Rolls-Royce, Ltd., 
being left to those responsible for the installation of the engine. An 
arrangement for driving a revolution counter is mounted on the timing 
gearcase, the collection being driven at one-quarter crankshaft speed. 

Exhaust manifolds are fitted one on each side of the engine being con- 
structed of light sheet steel pressings acetylene welded together. 
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The engine is fitted with a distributor and pipes to back pressure valves 
in each cylinder for use with a compressed gas starter. The latter is not 
supplied with the engine. 

The direction of rotation of the propeller is clockwise as viewed from 
the propeller end of the engine. The engine can be used as either a 
“tractor” or “pusher” without alteration except to the top water pipes which 
require setting to suit. A complete set of spanners suitable for carrying 
out any adjustments to the engine together with a quantity of spare parts 
are supplied in a toolbox with each engine. A set of special spanners and 
tools such as are required for dismantling and erection are supplied at an 
extra cost. 



Fig. 730. — Three-Quarter View from Accessories Drive End of Renault (French) 
Twelve-Cylinder 550 CV Direct Drive Aero Motor. 

New Series Renault Motors. — The Renault aviation motors are the 
result of a wide experience in the design and construction of powerplants 
for all types of military and civil aircraft. The new series range in power 
from 450 CV. to 750 CV. and are built in direct drive and geared types. 
The motors all have the same general characteristics and are of simple 
design to permit of light weight combined with reliability and endurance. 
The earlier Renault motors ranging from 300 to 480 CV. have given num- 
erous proofs of their endurance and the new series should combine all the 
good features of the old line with the improvements of performance that 
refinement of detail due to greater operating experience always brings 
forth. 

The description which follows applies specifically to the 550 CV. 
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illustrated at Figs. 730 and 731 which may be considered typical of the new 
Renault construction. The direct drive motor has twelve cylinders placed 
in two banks of six in the usual 60 degree Vee arrangement. The cylinders 
are 134 millimeters bore and 180 millimeters stroke, are of forged steel 
machined all over inside and out. The cylinder is provided with flanges 
at the top and near the base to which the water jacket is attached by 
autogenous welding. There are four valves per cylinder, seating directly 
into a flat top cylinder bead, the combustion-chamber being of slightly 
greater diameter than the cylinder bore. The exhaust and intake pipes 
are made of steel stampings joined by the autogenous welding process. 



Fig. 731. — Direct Side View of Renault 570 CV Geared Drive Motor. Note Carburetor 

Installation. 

Each cylinder is provided with two sparkplugs and a check valve for the air 
starter. The water jackets are corrugated and are proportioned to reduce 
the amount of water to a minimum without materially affecting the cool- 
ing. The valves are all the same size, are short and of substantial propor- 
tions and three springs are used on each valve. The pistons are of 
aluminum alloy, well ribbed for strength and are provided nith six piston 
rings. The wristpins are hollow, of large diameter and are free in both the 
connecting rod end and the piston bosses, aluminum alloy buttons in the 
wristpin ends preventing scoring the cylinders. 

The connecting rods are of the usual “FI” section, forged of steel and 
having articulated or link rods attached in the conventional manner. The 
upper bearings are of phosphor bronze, the lower hearing of the master 
rod is of special white metal. The crankshaft is a seven bearing alloy steel 
forging mounted on plain bearings and carrying a deep groove ball bearing 
at the propeller huh end to take end thrust from either direction. The 
main bearings are formed between the upper and lower halves of the well 
ribbed aluminum crankcase. The lower crankcase member has a removable 
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cover to permit of inspection of the connecting-rod bearings and also car- 
ries an oil drain plug. A special casing placed at the rear of the motor 
carries the timing and accessory drive gears and the magneto supports. 
The camshafts arc driven by bevel gears carried by driveshafts parallel 
to the center line of the cylinders. The camshaft carries one inlet cam and 
two exhaust cams for each cylinder. These cams actuate the valve stein^ 
through rocker arms carrying the clearance adjusting screw. The entire 
overhead valve mechanism is completely enclosed by casing covers winch 
arc easily removed to permit of inspecting the mechanism as shown at 
Fig. 732. 
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Fig. 732. — Accessory Drive End of Renault Aviation Motor Showing Centrifugal Oil 
Separator and Mounting of Air Starter Distributor. 

Four carburetors are used, these being the Zenith 60J and arc placed on 
the outside of the cylinder banks. Each single outlet carburetor serves 
three cylinders. The carburetors are the water jacketed type. Two mag- 
netos are placed transversely at the anti-propeller end of the motor. Lubri- 
cation is by double gear pump, the lower one being the pressure or feed 
pump; the upper serving as a scavenging pump. A centrifugal separator is 
interposed in the lubrication system to remove all foreign particles, such 
as carbon, metal chips or core sand from the oil, which is thus maintained 
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clean at all times. Cooling - is by centrifugal pump having two outlets, one 
for each bank of cylinders. Fuel feed is by AM fuel pumps, driven directly 
from the motor and placed below the magneto supports as shown at Fig. 
732. The 550 CV. motor weighs 475 kilograms in the direct drive form and 
with the normal compression ratio of 5.6 to 1 will deliver that power at 
1,800 r.p.m., and 620 CV. at 2,000 r.p.m. The other Renault motors differ 
in dimensions but the main features of construction are the same. The 
i eduction gear is of the simple spur gear and pinion type, the propeller 
driveshaft being mounted above the crankshaft center line and bearings 
of the anti-friction type being employed to support the reduced speed shaft. 

Salmson Water-Cooled Radial Engines — 'The CM9 engine was regis- 
tered in July, 1923, at the nominal power of 260 horsepower for 1,650 
rp.m. It was especially designed to supersede the war model CUZ9, but 
developing a higher power with even more reliability. The CM9 260 horse- 
power was fitted to the Farman machine F90, piloted by Rossoutrot, on the 
21st July, 1923, in the return flight between Paris and Lyons and won the 
Zenith Cup by having the minimum fuel consumption per carried kilo- 
gram. Tn September of the same year it was fitted to the four engine 
barman Goliath, piloted by Rossoutrot and Drouhin, which finished in the 
“Grand Prix des Avions de Transport.” In 1924, the CM9 260 horsepower 
accomplished successfully a reliability test of 300 hours at the official 
laboratory of Chalais-M eudon. On the 25th September, 1926 in the “Kallye 
Aerien National d'Auvergnc” the pilot Codos on a twin-engine Farman 
Goliath, with CM9 engines, finished first in front of 34 competitors, averag- 
ing a commercial speed of 131 kilometers per hour for the 810 kilometers of 
the circuit and with 21 persons on hoard. 

The CM9 260 horsepower has been adopted by important French aerial 
transport companies for its real qualities of solidity and reliability. Numer- 
ous models are fitted at present to the Rerline Spad, the commercial three- 
engine Caudron machine and the twin-engine Farman Goliath, insuring 
daily an ever growing traffic on the principal lines of the Air Union and 
C.I D.N.A. Companies. Selected also by the French War and Navy Minis- 
tries for the heavy military machines, the CM9 260 horsepow er is utilized 
by several squadrons of bombers. All the principal parts of the CM9 260 
horsepower such as pistons, connecting rods, valves, valve springs, rockers, 
etc. arc interchangeable with the corresponding parts of the AP>9 230 horse- 
power, AR18 460 horsepower, and the CM 18 500 horsepow er, thus allowing 
a very noteworthy standardization of these four engines. 

The CM 9 260 horsepower engine is of the static radial, water-cooled 
four-stroke type and is clearly shown in the illustrations at Fig. 733 w hich 
show the motor viewed from the propeller and anti-propeller ends respec- 
tively. The cylinders have a bore of 125 millimeters and a stroke of 170 
millimeters, which gives a displacement of 18,765 cubic centimeters. The 
compression ratio is either 5 or 5 4 to 1 and the engine is supported by 
the rear crankcase. The engine develops its nominal power at 1,650 r.p.m. 
The engine is one meter long and one meter eighteen millimeters in diam- 
eter. In complete running order wdth magnetos, carburetor and propeller 
hub it weighs 250 kilograms. The engine revolves in a clockwdse direction 
for an observer standing at the propeller end and looking at the propeller. 
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Fig. 733. — Front and Rear Views of Salmson (French) CM9, 260 Horsepower Radial Water-Cooled Engine. 

A Distinctive Type but Very Successful. 



SALMSON RADIAL ENGINES 


1539 


The engine may be used as a tractor or a pusher. The engine is fitted with 
a distributor to permit of air starting. 

The nine steel cylinders, which have their water jackets welded on, 
are registered in the crankcases and kept in position by collar clamps. 
The master connecting rod, which is balanced and made of special steel, 
revolves on a white metal lined central bearing of large dimensions. 1 he 
crankshaft of nickel-chrome steel carries two counterweights so arranged 
as to balance the whole group of connecting rods in all their positions and 
at all speeds. The distribution operated by a circular cam acts on the valves 
through roller tappets, rockers, and adjustable rods in the usual manner. 

A single inlet pipe located in rear crankcase feeds each cylinder and 
receives the gases from a muffler connected to the carburetor which is 
fitted with an automatic altnnctric correcter. Ignition is by two Sahnson 
magnetos GG6 type, and two plugs per cylinder. Lubrication is effected 
by r a pump returning to tank the oil scavenged from crankcase and is the 
usual dry sum]) pressure system 

A circular manifold forming exhaust silencer and fitted with clearing 
pipes is supplied on request. 

The CM 18 engine was registered in August, 1623 at the nominal power 
of 500 horsepower for 1,650 r.p.m. but is able to develop 550 horsepower 
though being small m volume The C MIS engine 500 horsepower is fitted 
to the following planes.- — Long Distance Scouting 1 1 rogue t, 16A2 type;. 
Long Distance Scouting Lotez, 25A2 type; Long Distance Scouting Cau- 
dron, H31C1 type; Lighting 1 lanriot/ll3KT type; Fighting Bcchereau, 
SB6C2 type; and the new commercial Ilanriot machine 1125. 

Specially constructed with a view' to safety and built only with the 
best materials, this engine accompished successfully two official reliability 
trials of 150 hours each in fifteen periods of ten consecutive hours without 
the slightest trace of abnormal wear being noticeable on the main parts. 
The eighteen cylinders are in two radial groups of nine each as shown at 
Fig. 73 4 and are fitted bv pairs to a bracket fixed by r studs on the crankcase. 
Each pair can be removed and refitted independently of the others and the 
dismantling effected on the plane itself. 

As in the APIS 460 horsepower engine, the air resistance is reduced to 
the minimum by the use of eighteen cy linders for a power of 500 horse- 
power and the disposition of the cylinders, one behind the other, in pairs, 
facilitates the entry into the air stream. All the principal parts of the 
CM 18 engine 500 horsepower such as pistons, valves, valve springs, rockers, 
etc., are interchangeable with the corresponding parts of the ty r pes AB9 
230 horsepower, CM 9 260 horsepower, and AB18 460 horsepower, thus 
allowing a very noteworthy' standardization of these four engines. 

Napier “Lion” Aero Engine.— This is one of the best known of the 
British aircraft motors and has an enviable record of accomplishments to 
its credit and has received world wide distribution. It is made in a direct 
drive form illustrated at Fig. 735 and in the geared drive type shown at 
Figs. 736 A and B. 

Cylinders are steel lorgmgs machined all over. YYatei jackets of steel. 
Detachable aluminum cylinder head containing inlet and exhaust passages, 
valves and valve actuating mechanism. Listons aie of aluminum alloy, 
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Fig. 734. — An Unusual Aircraft Motor Design. The Eighteen-Cylinder Salmson (French) CM 18, 500 Horsepower Radial Water- 

Cooled Engine. 
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fitted with two compression and two scraper rings. ITollow gudgeon pins 
of large diameter, fixed in steel hushes. Two inlet and two exhaust valves 
are used per cylinder, each fitted with two coil springs and operated direct 
by overhead camshafts driven through bevel gearing by vertical shafts 
from the crankshaft. The whole of the valve mechanism is enclosed within 
a detachable aluminum case. Connecting rods arc 'machined from special 
high grade steel. The master rod, coupled to the pistons of the vertical 
block of cylinders, is formed with lugs on either side, to which are attached 
the short auxiliary rods for the pistons of the right and left groups of 
cylinders. The big ends are white metal lined, anchor pins and other parts 
work in bushes of ample size. 



Fig. 735. — Napier “Lion” Direct Drive Aircraft Motor. A Distinctive and Popular 

British Design. 

The crankshaft is machined from a solid steel forging. The four throws 
are in one plane and all journal bearings and crankpins are of large diam- 
eter and bored out. The shaft is carried in five substantial roller bearings 
and a large plain bearing at the forward end. Airscrew shaft and drive 
of the geared drive forms has a shaft rotating clockwise, when viewed from 
the airscrew end. It is carried on two roller bearings and fitted with a large 
double thrust ball bearing, to take the thrust of either a “Tractor” or 
“Pusher” airscrew. Reduction between airscrew and crankshaft is through 
high grade alloy steel spur gears. Shaft and its gear and cover can be 
withdrawn from crankcase. Crankcase and oil sump are of aluminum 
suitably stiffened at all necessary points and having arms on either side 
for attachment to the aircraft. The crankcase front end encloses the reduc- 
tion gear for the airscrew shaft together with the shaft and bearings. The 
rear end cover contains the two scavenge oil pumps, the pressure oil pump 
and the drive for the camshafts, magnetos, water and oil pumps. Water 
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pump is a centrifugal type, mounted to rear end of engine and running at 
crankshaft speed. The spindle is filled with a gland and a screwdown 
compression grease cup. Water is delivered through a separate outlet to 
each of the three cylinder Mocks. 

Oil pumps comprise tuo suction and one pressure type pump driven at 
half engine speed through gears. The suction pumps connected to the 


caTbl 


rank or 


cylinders 



Air screw hub 


-Vertical cylinder bank 


Reduction 
drive gear 
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Fig. 736. — At Top, Accessories Drive End of the 450 Horsepower Napier “Lion” W 
Type Twelve-Cylinder Engine. View at B is the Propeller End of the 450 Horsepower 
* , Geared Drive Napier “Lion” Engine. 
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sump and the pressure pump takes oil from the supply tank through a 
suitable filter. Magnetos and ignition, two special twelve cylinder mag- 
netos, rotating anti-clockwise, are mounted on platforms at the rear end of 
engine. Special distributors fitted to facilitate starting by hand. Metal 
braided ignition cables carried in aluminum troughs. Advance and retard 
links and levers interconnected. Carburetors, twin and single carburetors, 
Napier system are fitted. 'The bodies, which are of aluminum and stayed 
to the crankcase, are water jacketed. The gas inlet pipes to the induction 
port on the cylinder head> are of steel and are water jacketed. Altitude 
control cocks are fitted and are interconnected with throttle control. Lu- 
brication is by pressure throughout to big ends, gudgeon pins, and bearings 
of camshaft. The cylinder walls and crankshaft bearings are lubricated by 
oil escaping from the big ends and gudgeon pins. The valve tappets and 
rams are lubricated by oil escaping from the camshaft bearings, which 
drains into the sump and is deliverer] thence to the supply tank by suction 
pumps. An adjustable pressure relief valve is incorporated in the system. 
The Napier petrol starter is provided, by means of which fuel is pumped 
into the. cylinders and ignited by a hand starling magneto operated through 
the special distributors of engine magnetos. Hand turning gear, this is 
provided w T ith a twelve to one reduction between the starting handle 
shaft and the crankshaft w ith throw-out gear to prevent damage by back- 
fires. Engines can he supplied with water pipes arranged for either 
“Tractor” or “Pusher” aircraft Engines are delivered suitable for “Trac- 
tor” aircraft unless otherwise specified. 


SPECirit'ATK )NS — N \PI ER LION DIRECT DRTVE 


NUMBER OF CYLINDERS-- Twelve 
ARRANGEMENT— Three blocks oL f«.ut 
c.ccli, one vertical, two at 60°. 

BORE — S/ ins. 

STROKE— 5j« ins. 

J TORSE POWER RATED— 6 25 to 1 com- 
pression 525 O' 2,350 r p in , 5 8 to 1 
compression 450 0:2,000 rpm 
HORSE POWER AVERAGE- 0.25 to 1 
compression 540 (o' 2,350 r pan , 560 
(a) 2.580 r.p.m ; 55.8 to 1 compression 
473 00 2,000 r p m , 502 (tv 2,2(K) r p m 
DIRECTION OE ROTATION OE AIR- 
SCREW SHAET — Anti-clot kvvisc, 
viewed from airscrew end 
IGNITION — Two special magnetos giving 
dual ignition. Anti clockwise rotation. 
STARTER — Napier petrol priming system 
and hand turning gear. 

WEIGHT OE ENGINE— Complete with 
airscrew boss, carburetors, induction 
pipes and hand turning gear, 915 lbs., 


subject tf> a plus ti iterance ot 10 lbs. 
If gun gear and petrol pump drives are 
also fitted, the weight will be approxi- 
mated v 925 lbs 

WEIGHT PER HORSE POWER- 

6 25 to 1 compression, 174 lbs. tin rated 
power. 

5 8 to 1 compression, 2.03 lbs. on rated 

power. 

6 25 to 1 compression, 163 lbs on aver- 

age power at maxi- 
mum speed. 

5.8 tti 1 compression, 1 83 lbs. on aver- 
age power at maxi- 
mum speed. 

LENGTH OVERALL TO CENTER OE 
AIRSCREW — 4 ft. 9 in. approx. 
WIDTH ON ERALL — 3 ft. 6 in. approx. 
HEIGHT OVERALL — 3 ft 3 in approx. 
OIL CONSUMPTION— Approximately 20 
pints per hour. 


Napier “Cub” Aero Engine — ’fins in a sixteen-cylinder N type of 1,000 
horsepower that has many of the characteristics of the Napier “Lion” 
engines previously described. The cylinders are provided with corrugated 
steel water jackets and detachable aluminum camshaft casings and valve 
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actuating mechanism are bolted to the cylinder heads. Four valves are used 
per cylinder, each valve being controlled by two coil springs. The master 
connecting rod, coupled to the pistons in the port block of cylinders L 
formed with lugs on either side to which the auxiliary rods for the pistons 
of the other three groups of cylinders are secured. The four throw crank- 
shaft revolves in five roller bearings and a large plain bearing a. the for- 
ward end. The crankcase is of aluminum, suitably ribbed for strength 
Cooling is by centrifugal water pump having four outlets, one for eat h 
bank of four cylinders. Two twin outlet carburetors with water jacketed 
inlet manifold feed pipes are used. Four eight-cylinder magnetos are used 
for ignition. The specifications of this engine, which is shown at Fig. 737. 
follow : 

SPECIFICATIONS— NAPIER “CUB” ENGINE 


NUMBER OF CYLINDERS— Sixteen 
ARRANGEMENT— Emir blocks nl four 
c.u h, 2 at 2 (> 1 4 ° t«> vertical; 1vw> 2(> / , 4° 
below horizontal. 

BORE' — n 1 4 ins 
STROKE — 7‘ » ins 

HORSEPOWER — Rated 1,000 lip Com- 
pression Ratio 5 3 to 1 
DIRECTION OF ROTATION OF A 1 R- 
SCREWSTTA FT — Clockwise viewed 
from airscrew end 

SPEED OE DITTO — Reduction ratio 1 to 
2 04 of ciank shaft. 

IGNITION — hour spinal magnetos giving 
dual ignition (. lock wise notation 
OTL CONSUMPTION— 055 lb maximum 
(.024 lbs. average) per blip hour at 
full load 


FUEL CONSUMPTION — 52 lb maxi 
mum (40 Ih average) per blip hour 
at full loud 

STAR TCR— pressure (ins S\ stem with ills 
tnbutnig mechanism oil engine 

WEIGHT OF ENGINE— 2.450 lbs appn.x- 
im.it eh complete with airscrew bos^, 
carhuietors, induction pipes, magnetos, 
starting distributor gear and pipes 

WEIGHT PER Hp— 2 45 lbs 

LENGTH OVERALL TO CENTER OE 
AIRSCREW— 5 ft 11 U ms appioxi 
match 

WIDTH ( )YER ALL — I ft 0 ins approxi- 
mate! \ 

HEIGHT OVERALL- 5 ft. 4'/ 4 ins. ap- 
proximately 


Fiat AS3 Racing Engine — The* Fiat engine with which Major Bcrnarch 
recently established the world’s seaplane speed record ol 318.62 m.p.h . at 
Venice, is a devclo])ment of the one used in the Schneider cup race of 192b, 
and is designated AS3. It is shown at Fig. 743. The Fiat ASIII engine 
was designed by the Socicta Anonima F I.A.T., Turin, Italy, for the Macclu 
M52 racing seaplanes. It delivers 970 horsepower at 2,500 r.p.m. and is a 
development of the well known A20, 410 CV. shown at Fig. 738. It is of 
the tweh e-cylinder 60 degree Yee water-cooled type. Cylinders have a 
145 millimeter bore by 175 millimeter stroke. They are machined from steel 
forgings with separate welded steel jackets. Four overhead valves and two 
sparkplugs are used per cylinder. Valve scats and ports are welded into 
the cylinders. The compression ratio is 6.5. The valve gear consists of a 
single camshaft over each row operating the valves by means of rocker- 
arms. Camshaft and valve gear are totally enclosed in light alloy casings. 
Two concentric springs are provided per valve. 

Pistons arc magnesium alloy forgings. They have flat heads. Three 
rings arc used above the gudgeon pin which floats in the piston. Connect- 
ing rods are articulated T section rods. Big ends are of bronze-backed 
white metal. Gudgeon pins are locked to the little ends. The crankshaft 
of nickel-chrome steel is of the six-throw seven-bearing type, with ellipt ic 
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Fig. 737. — Three-Quarter View, Looking from Propeller End of the Sixteen-Cylinder 
X Type Napier “Cub” Engine Rated at 1,000 Horsepower. 

profile webs. It runs m bronze-barbed while metal bearings. The crank- 
ease is a magnesium alloy casting. All crankshaft hearings except thrust 
and journal at the propeller end are carried entirely from upper half. The 
lower half carries two gear-t\ pc scavenger oil pumps and a centrifugal 
type water pump. The triple element oil pump is shown at Fig. 741 and 
the water pump at Fig. 74-. 



Fig. 738. The Fiat Type A20, 410 CV Aero Motor is Typical of Italian Design and 

is a Very Practical and Successful Type. 






739. Lubrication System of Fiat Aviation Engines is Simple and Positive. 
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Auxiliary gears are all carried in a unit gear case attached to the rear 
end of the crankcase. One plain bevel pinion driven by tail-end crankshaft 
drives two vertical shafts. One passes downward driving the oil pressure 
pump, and through a train of spur gears the oil, scavenger and water 
pumps. An intermediate worm gear drives a horizontal shaft for a gaso- 
line feed pump. The other vertical shaft first drives two horizontal shafts 



Fig. 740. — Transverse Sectional View of Fiat Aero Engine Showing Large Oil 
Passages and Three Section Gear Type Oil Circulating Pump. 

for magnetos, and then two inclined shafts for the camshaft drive. Three 
special duplex Strombcrg type carburetors are fitted between cylinders, 
each feeding four cylinders. Induction branches are water-jacketed. 
Lubrication is bv pressure feed to each crankshaft bearing and thence 
through the shaft to the big ends. Oil is led from the rear crankshaft 
bearing to the camshaft. Oil from the camshaft returns over camshaft 
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Fig. 741. — Diagrams Showing Construction of Fiat Triple Section Gear Oil Pump. 

gears by \va\ of the driveshafl casing to the crankcase. The method of 
oiling all Fiat engines is shown at Figs. 739 and 740 and is simple and 
direct. For starting, compressed air from a bottle at eight atmospheres is 
passed through a carbureting dexice to a gas distributor and thence to cyl- 
inders on firing strokes. A hand magneto fires the mixture in the cylinders. 
Overall dimensions: length 1 59 meters, (92.5 inches): xxidth 0.72 meters, 


Waier Inlet 

t- -r ” i 




Fig. 742. — Sectional View of Fiat Water Circulating Pump with Spring to Keep 
Packing Glands Tight Automatically. 
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(28.3 inches) ; height 1.003 meters, (39.5 inches). The rated output is 970 
horsepower at 2,500 r.p.m. The weight, dry, is 410 kilograms or 904 pounds 
which is equal to 0 423 kilograms or 0 93 pounds per horsepower. 

Issotta-Fraschini Vee Type. — Much interest was aroused in aviation 
circles by the four continents flight of Commander Francesco de Pinedo 
of the Italian Navy, who flew in a Savoia-Marchetti seaplane from Sardinia, 
Italy, to the northern and western coast of Africa, across the southern 



Fig. 743. — The Fiat Record-Breaking Racing Motor Type AS3 Delivers 1,000 CV and 
is a Twelve-Cylinder “Vee” Type. 

Atlantic to Brazil and thence across unexplored regions of South America, 
the Carribean Sea and Gulf of Mexico to the United States. The plane 
flown by de Pinedo was equipped with two Issota-Fraschini “Asso 500” 
engines. These engines may be obtained either direct drive or with a 
reduction gear and in a special form for altitude flying. The piston dis- 
pacement is 1,691 cubic indies and with a compression ratio of 5.5 to 1 
the power output is 506 horsepower at 1,800 r.p.m. The engine has twelve 
cylinders, arranged in two rows of six, set at an angle of 60 degrees as 
shown at Fig. 744. Its bore is 140 and its stroke 150 millimeters (5.52 by 
5 91 inches), giving a total displacement of 27.7 liters or 1,691 cubic inches. 
With a compression ratio of 5.5 it has shown on the brake, 518 horsepower 
at 1,850 r.p.m., and 543 horsepower at 2,000 r.p.m. 

Each cylinder is a separate steel forging and has the sheet metal water 
jacket welded to it. The head of the cylinders has flat top and bottom 
surfaces, and the four valves have their seats directly in the metal thereof. 
The cylinder head is a single aluminum casting to which the cylinders are 
bolted, making an extremely stifT assembly. Cooling water passes from 
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the cylinder jackets to the head jacket through holes in both parts, 
special type of gasket being used to effect a water-tight joint. The rediu 
ing gear furnished has a reduction ratio of 2.17 to 1. In the special altitude 
type, while the general dimensions are the same, the compression ratio ^ 
increased to seven and a special arrangement is provided whereby the 
engine is automatically throttled at ground level, the degree of throttling 
decreasing progressively until at 15,000 feet altitude the throttle is fully 
opened. Engine power is therefore kept constant from the ground up to 
15,000 feet altitude. 



Fig. 744. — Issotta-Fraschini “Asso 500” Aviation Engine, Another Popular Italian 
Twelve-Cylinder “Vee” Design. 


The inlet camshafts are driven through two inclined hollow shafts, and 
the bevel gears driving these shafts, as well as the spur gears through 
which the exhaust camshafts are driven from the former, are fastened to 
their respective shafts by means of splined joints comprising involute 
splines. The valves are held on their seats by two concentric coiled springs 
each, the two springs being wound right- and left-hand, respectively, where- 
by interference between them is said to be obviated. 

The crankshaft is a chrome nickel steel forging, heat-treated, which 
combines high tensile strength with great surface hardness and consequent 
resistance to wear, it is supported in eight hearings, one on each side of 
each throw, and an additional bearing at the rear close to the propeller huh. 
Between the two rear bearings is located a double-direction ball thrust 
bearing which takes propeller thrust in both directions. All crankshaft 
bearings are of the conventional bronze-back, babbitt-lined type. 1 he 
crankshaft is drilled through from end to end, for lightness and for the 
distribution of oil. 

Pistons are metal mould castings of aluminum alloy as shown at Fig. 
745, they are heat-treated (annealed) and are of very low weight. Each 



ISOTTA FRASCH1N1 ENGINES 


1551 


piston carries four cast-iron piston rings, the lowermost of these being an 
oil scraper ring, from the groove of which the excess oil returns to the 
crankcase through a number of drill holes in the wall of the piston skirt. 
The piston pin floats. The pistons of each pair of cylinders having axes 
in the same transverse plane connect to the same crankpin, one directly 
through a master connecting rod, the other through a shorter rod articu- 
lated to the master rod. The articulated rod has a bearing on a hardened 
pin fastened into two drilled lugs formed on the master rod head. Both 
connecting rods are of 1 section, and the master rod is stiffened by two ribs. 


Valve Gear Cover isotta-fraschini engine 



Fig. 745. — Transverse Sectional View of Issotta-Fraschini Aviation Engine Showing 
Cylinder and Head Construction Employed. 

Four Zenith vertical-outlet, double-venturi type carburetors are fitted, 
these being specially made for tins particular engine. 'They are located oil 
opposite sides of the engine adjacent to the cylinder rows, and are readily 
accessible for inspection and can be easily dismounted, as they do not 
extend below the engine bearers. These carburetors are provided with 
hot water jackets through which water from the engine cooling system is 
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circulated by the centriiugal pumps, and the heat supply through the watr 
jackets can be regulated at will by the pilot. They arc also provided witi 
an altitude corrector to counteract the tendency of the mixture to beconu 
over-rich with increasing levity of the atmosphere at' high altitudes. End 
is*fcd to the carburetors by two gasoline pumps mounted on an extension 
of the magneto bracket and driven from the engine. Ignition is by tu,, 




Fig. 745 A and B. — The Eighteen-Cylinder Isotta Fraschini ASSO 1000 W Type 
Water-Cooled Engine Has Three Banks of Six Cylinders Each. 

twelve-cylinder magnetos, each cylinder being provided with two spark* 
plugs, and each plug connected by a cable to one of the magnetos. r l he 
magnetos are driven through flexible couplings of a type which allows 
of very close adjustment of their timing, and both are controlled as to 
time by a single lever. 
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Full pressure lubrication is effected by means of a triple pump; one sec- 
tion of the pump draws oil from the reservoir and forces it through the 
various leads to the bearings; the second draws oil from the forward, and 
the third from the rearward end of the sump, both forcing the oil through 
a filter of large surface area and discharging into the reservoir. The reser- 
voir is very accessible for inspection and cleaning. The triple oil pump is 
located inside the lower half of the crankcase at its rear end, and can be 



Fig. 745C. — View at A Shows the Caproni Ca 79 Biplane Which Has a Lower Wing 
Span of 80 Feet and a Gross Weight of Twelve Tons. It is Fitted with Four Isotta 
Fraschini ASSO 500 Engines Which Gives it 2000 Horsepower. B Shows the Method 
of Installing the Engines. The Large Size of This Airplane can be Better Understood 
by Comparing it with the Men Standing Under the Lower Wing in the Upper 

Illustration. 


easily removed when required. A pressure-relief valve is combined with 
the pump. Cooling water is circulated by a centrifugal pump with double 
outlet, for connection to the two rows of cylinders. Starting is effected by 
means of compressed air which carries gasoline vapors in suspension. The 
air is distributed to the different cylinders by a rotary distributing valve 
which is driven through bevel gears from the vertical shaft of the timing 
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gear. The compressed air is either taken from a reservoir carried on board 
or may be supplied by a separate motor-compressor group. The weight o) 
the engine, dry and without propeller hub, is 880 pounds, and with propeller 
hub, 024 pounds. This is equivalent to 1.69 pounds per horsepower at 
maximum and 1.78 pounds at normal output. A sectional view of the engine 
is given at Fig. 745, this showing the valve operating mechanism and cylin- 
der construction very clearly. 

Isotta Fraschiui is among the very few companies disposing of a varietv 
of motors large enough to fit any conceivable type of airplane. The gradua- 
tion goes from 80 hp. up to 1200 hp. Both water-cooling and air-cooling are 
used according to the type of engine, and all the larger motors are being fur- 
nished either with or without reduction gears. 

The world-wide reputation enjoyed by Tsotta Fraschini has been gradually 
built up at the price of patient and sometimes extremely costly efforts: since 
the very beginning Tsotta Fraschini has aimed at a maximum of power per 
pound of weight combined with a minimum of fuel consumption, a reduced 
cross section area of engine and an absolute reliability in operation. The Com- 
pany feels that this goal has been reached for all of the models which are now 
in production. In connection with the factor “weight,” it may be of interest 
to point out that Isotta Fraschini has been the first company in Europe to make 
an extensive use of electron, which is an especially light magnesium alloy 
whose weight ratio to that of aluminum is 1.8 to 3. The advantages of this 
alloy proved important enough to make it necessary for Isotta Fraschini to erect 
a special foundry for electron castings At present practically all the parts which 
were formerly in heavier aluminum alloys are electron castings or forgings. 

Isotta Fraschini has developed a complete series of engines so as to meet 
all possible requirements both for poveer and service. Each single engine of 
the “ASSO” group has been developed for a very definite purpose and 
with a view to solving some specific problem connected with the development 
of new airplanes. However, all the engines of the “ASSO” group have cer- 
tain characteristics in common, and this fundamental idea, together with that 
of an amazing simplicity of lines and details, is carried through so systematically 
that the knowledge of one of the many types implies automatically a sufficient 
understanding of all the points which make for a correct maintenance of any 
of the other engines of the “ASSO” family. The principle involved is of course 
of an undeniable practical value both to military and commercial aviation, in- 
asmuch as it greatly reduces the difficulties connected with the efficiency re- 
quired of the mechanics in charge of maintenance. Furthermore, it is obvious 
that said principle would bring enormous advantages to a military aviation which 
would adopt for its various types of planes (observation, fighting, day- 
bombing, night-bombing, etc.) the corresponding engines of the “ASSO” 
family. Italian aviation, which is using many thousands of these engines, 
has in fact already greatly benefited both in operation and maintenance by 
the similarity of design and construction which is peculiar to all types 
which form the “ASSO” group. 

Some of the engines, for example: 

The “ASSO” 200-hp. 

“ “ 500-lip. 

“ “ 500-lip. Ki (with reduction gear) 
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The “ASSO” 500-hp. AQ (super-compressed for altitude work) 

“ “ 750-hp. 

“ “ 1000-hj). 

“ “ 1200-hj). Ri (with reduction gear) 

have many parts wliich are interchangeable, as, for instance, the pistons, the 
cylinders together with the cylinder heads, valve gears, camshafts, valves and 
springs, etc., as well as the oil pumps and the lower parts of the crankcase. 
The principal characteristics are tabulated on page 1555. 


QUESTIONS FOR REVIEW 

1. What is an important factor to he considered in aviation engine design? 

2. What are future possible developments in aviation engine design? 

3. Describe the Junker E5 aviation engine. 

5. Name some distinctive features of ADC Nimbus engine 

5. What distinctive feature characterizes the Rcardmore six-cylinder engine" 

() Describe operation of the A.A1 Fuel pump 

7. How does the Fanhard aviation engine differ from others? 

8. What is the diffe cc between the Rolls Rovcc type F and Condor aero engine' 
9 What type of oil cleaner is used on Renault engines? 

10. What is the distinctive characteristic of the Salmson water-cooled engine? 



CHAPTER XL 


WATER-COOLED ENGINE INSTALLATION 

Designing Water-Cooled Engines Into Aircraft — Air Resistance Characteristics of 
Engines — Value of Inverted Engines — Conventional Engine Placing — Cantilever 
Motor Mounts of Tubing — Placing of Pilot Relative to Engine — Mounting 
Engines in Wings — Properties of Steel for Engine Mount Construction — Nature 
of Duralumin — Properties of Duralumin — Preventing Corrosion of Metal — 
Effects of Radiator Position on Airplane — Flight Control of Cooling Capacity — 
Altitude Effects on Performance — Cooling Systems, Specifications for Installation 
— U. S. Air Service Engine Installation Specifications — Engine Mounting — Engine 
Controls — Lubricating System — Cowling — I gnition — Fuel System — Leakproof 

Tanks — Crashproof Tanks — Exhaust System — Plumbing Troubles — Causes of 
Airplane Accidents — Fuel Tanks and Supply Systems — Fuel Pumps — A.C. Fuel 
Pump — Pressure System has Fire Hazards — Oil and Fuel Tank Location — Dur- 
alumin Fuel Tanks — Unpacking Curtiss D12 Engine — Installation of Curtiss 
D12 Engine — Wiring and Controls — Cooling System — Water and Denatured 
Alcohol Anti-freezing Mixture — Glycerine and Water Anti-freezing Mixture- 
Mounting Propeller on Curtiss D12 Engine — Lubricating System, Curtiss D12— 
Operation of D12 Engine — Starting Procedure — Observations at Start — Oil 
Pressure Regulation — Carburetor Settings — Care of D12 Engine in Storage- 
Details of Engine Control. 

Designing Water-Cooled Engines Into Aircraft. -Most of the single 
engine airplanes of late design using water-cooled engines have powerplants 
ranging from 400 to 000 horsepower, especially those intended for air mail 
or express or passenger carrying, and also the types for military service. 
Now that there arc various types and makes of engines to select from, the 
engine is designed into the airplane instead of the structure being designed 
around the engine as was formerly done when only a few types of engines 
were available. The twelve-cylinder Vee type engine is by far the most 
popular and it can be had in direct drive and geared down types, as well 
as in designs that can be installed with the cylinders inverted. An im- 
portant consideration is propulsive efficiency and the streamlining of the 
fuselage front end is important so that a minimum amount of the propeller 
disc area will be masked by the cowling around the engine. 

There is also another influence and that is the vision obtained by the 
pilot directly ahead and also directly down to insure good landings. Effec- 
tive streamlining of the Curtiss engine in the Hawk seaplane reduces the 
loss of propulsive pull of the aerial screw by having a minimum masked 
area. The various airplanes shown at Eig. 746 show how the various types 
of engines may be installed to secure good streamlining, vision and reason- 
able aerodynamical efficiency. The conventional direct drive motor is 
installed in the structure shown at A. It will he seen that in order to ob- 
tain good vision that the engine crankshaft, wdiicli is also the center line of 
propulsive, or rather tractive effort comes well below the center of the 
biplane cellule, where one may assume the center of gravity of the entire 
structure to be located. 

When a geared form of engine is installed, it will be apparent that with 
the same engine location as at A, Fig. 746, the center line of tractive effort 
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is 'raised in B by raising the propeller driveshaft center line so it more 
nearly coincides with the assumed center of gravity. Besides the advan- 
tage of bringing the line of thrust higher, the type of engine shown in B 
permits of higher horsepower output for the same weight because the en- 
gine can be run faster and also makes for higher propeller efficiency because 


Screw turn, at /Conventional V , 
engine speed / "^deT* 




Direc t dn ve motor 
con venf tonal installation 

Propeller pull greatly below 
center ot cellule 


rL arge diameter screw 
j turns dower fhan engine 


Crankshaft, 

Propeller * 
shaft\ I 




Propeller pull slightly belov 
center of cellule 



Fig. 746. — Diagrams Showing Installation of Various Types of Water-Cooled Engines 
in Fuselage to Secure Good Vision and Proper Aerodynamical Advantages. A — Direct 
Drive Propeller. B — Gear Drive Propeller. C — Inverted Crankshaft, Direct Drive 

Type. 
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a larger diameter and slower screw can be used with a geared engine than 
with a direct drive form. 

In a fast plane where maximum maneuverability is sought, as in the 
single seater shown at big. 746 C\ a coincidence of the tractive effort line 
and the center of gravity is possible by using an inverted engine and aero- 
dynamical efficiency is obtained without greatly sacrificing the factor of 
vision by carefully streamlining the front of the fuselage. 

Air Resistance Characteristics of Engines. — Some interesting figures 
were given bv Grover C. Loening, pioneer aeronautical engineer and in- 
ventor of the amphibian land and seaplane in a paper read before the S. A. 
Jv in which some interesting conclusions were reached and results tabu- 
lated. 

One might condense the general sentiment of the aviation world with 
regard to fast machines by pointing out that the light-weight high-powered 
radial air-cooled engines are generally considered the coming type for small 
fast commercial aircraft; while the large, heavy high-powered water-cooled 
engines arc generally placed in large, slow, load-carrying airplanes. Fur- 
ther than this, there is a distinct tendency on the part of engine builders 
to sacrifice some details for the purpose of lightening the weight of the 
engine, “dry,” in pounds per horsepower. The engine builder is only too 
likely to think that he has reached the goal required by the aircraft builder 
if he can make this figure low enough. Mr. Loening proposed to demon- 
si rate that this attitude is not only erroneous, but actually tends to the 
development for aircraft of engines that are very undesirable for several 
important reasons. 

It wdll be found on proper consideration that we do not penalize engines 
by placing them in different types of aircraft, and are thus justified in con- 
sidering figures on a unit horsepower basis. 

It has been found quite conclusively on many types of aircraft using 
w ater-cooled engines that, no matter wdiere the radiator is placed, a certain 
amount of head resistance must be expended to get cooling, since the air 
must pass through the radiator. Placing the radiator in front of an engine, 
in an effort to combine the resistance of the two, merely makes it neces- 
sary to add to the size of the radiator by exactly the amount that the pres- 
ence of the engine behind it blocks circulation. This is particularly true 
of the Liberty engine when mounted on the De Haviland-Four. A review 
of the sizes of various well-placed radiators gives the values for frontal 
areas presented below. 

This reduction in size of radiator, of course, involves the consideration 
that on a high-speed machine the radiator be retractable. 



Frontal 


Speed, 

Area of Radiator, 

Lift/Drift 

m.hp. 

per Horsepower 

Ratio 


sq. in. 


50 

2.5 

1 to 8 

100 

2.0 

1 to 11 

150 

1.5 

1 to 11 

200 

1.0 

1 to 10 
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Mr. Loening made some computations and presented a chart in develop- 
ing his discussion that permitted an interesting demonstration when the 
figures for the Curtiss Cl 2 were used for an example and assumed first that 
by laborious work the weight of the engine was reduced to one-half its 
amount, which it is very doubtful could ever even be approached in this 
type of engine. Assuming such an extreme, however, we find the resistance 
per horsepower, when reduced as shown, permits an increase in speed from 
232 to 241 miles per hour or only nine miles per hour. On the other hand, 
we can take this same engine and assume that, keeping its weight the same, 
we modify its structure so as to halve the head resistance of the engine 
itself, due to its shape. This change, which is entirely within the realm of 
possibility, would increase the speed to 260 miles per hour, and would show 
that if we could get a 420-horsepowcr engine with a cross-sectional area 
permitting a good shape that would not be much over two feet high and 
nine inches wide, we could approach a speed of 300 miles per hour. Even 
admitting that some of the assumptions made necessary to derive this tine 
of reasoning are apt to vary, we nevertheless find a lesson of the greatest 
importance which promises much in the future of aviation. This shows 
how much more important the head resistance of an engine is than its 
weight. Mr. Eoening urged the builders, therefore, to abandon their un- 
warranted race for lighter weight per horsepower, bringing with it tre- 
mendous expense in construction, a lack of reliability and innumerable 
difficulties in service, and suggested that they begin on a new line offering 
far greater possibilities by making the shape and disposition of their en- 
gines more suitable to airplanes, with low head resistance considered as a 
fundamental. An engine of sufficiently well-studied shape will permit 
greater weight, more reliability, and less construction expense without a 
sacrifice of aerodynamical efficiency. Mr. Locning has been an advocate 
of inverted cylinder Yee engines for some time past and some models of the 
Amphibian, which is the product of lus genius, use an engine with the 
crankshaft placed above the cylinders. This type permits the use of a 
larg-er diameter tractor screw and also materially lowers the center of grav- 
ity of the powerplant. Other models are equipped with radial cylinder air- 
cooled engines. 

Value of Inverted Engines. — An inverted engine when used in airplanes, 
possesses four major advantages. First, in the usual type of single-engine 
tractor airplane, the pilot’s vision straight ahead is seriously obscured by 
the cylinders and cowling of either a Vee-typc or a large radial-type engine. 
He is practically compelled to swing the airplane from its true course to 
obtain a view along the normal line of flight. It is unthinkable that poor 
vision dead-ahead, such as this, will be tolerated when the air is as full of 
airplanes as we expect it to be in the future. Collisions in the air, even 
today, are far more numerous than would be the case if poor visibility con- 
ditions did not exist. With an inverted engine, as shown in Fig. 746 C, the 
cowling in front of the pilot can be made in slope to meet the line of the 
propeller-hub, in this way, favorable vision can be secured. The second 
major advantage of the inverted engine lies in the high center of thrust 
that ensures better flying qualities, in that it offsets the tendency of the air- 
plane to climb when full power is on. This is also shown in illustration. 



TYPICAL OX ENGINE MOUNTING 


1561 


The additional propeller-tip clearance is also desirable from a consideration 
of taxiing over rough ground and, in some cases, removes the limitation 
on the diameter of the propeller that would otherwise exist with a direct 
drive, conventional installation as shown at Eig. 746 C and to a lesser de- 
gree with a geared drive screw installed in an engine with upright cylinders. 

A third point in favor of the inverted engine is its accessibility to a 
mechanic working on the ground. If the engine mounting is properly de- 
signed and the cowling suitably arranged, the engine can be readily worked 
on from the ground without the necessity for stcpladdcrs and other equip- 
ment. Furthermore, the crankcase covers can be removed and the bearings 
examined, should this be desirable. 


Fuselage longerons 


Gusset plates 


Tension braces tor motor bed 



\/ Compression braces 
for motor bed tubes 


- Welded joint 


Fuselage longeron Welded tube cluster N Gusset plate 


Fig. 747. — Typical Motor Mount for Curtiss 0X5 Motor Made of Braced and Welded 

Alloy Steel Tubing. 


The fourth point in favor of the inverted engine has regard to the location 
of the carburetors that, in many installations, will allow gravity fuel-feed 
and will avoid the use of complicated piping and pumping arrange- 
ments. The fire risk is also diminished to a certain extent with this ar- 
rangement, for gasoline leaks are confined to the extreme bottom of the 
installation, and covering the whole exterior of the engine with gasoline, 
as is normally the case, is not possible, as any leakage of fuel will drip off 
to the ground or into suitable catch basins or tanks intended to receive it. 

Conventional Engine Placing. — In installing the conventional type of 
aviation engine of the twelve-cylinder Vee water-cooled form, modern 
practice is to use a simple frame made up of alloy steel tubing welded to 
fittings to form suitable joints as shown at Fig. 747 which shows a typical 
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mounting for an 0X5 motor. The engine bed tubes are supported by 
double braces in the form of triangular assemblies these in turn being 
braced to the front end of the fuselage frame by substantial diagonals ex- 
tending from the top fuselage longeron tubes to triangular bracing mem- 
bers under the engine support tubes. These latter are horizontally placed 
and are pierced with holes to receive the engine bed bolts. It will be noted 
that the tube is not weakened appreciably because steel tube ferrules are 
driven into the bolt holes and are welded to the top and bottom walls of 
the engine bed supports. The attention of the reader is directed to the 
gusset plates at the corners where the engine supporting frame joins the 
fuselage tubes, also at the points of juncture of the diagonal tubes and bed 
support braces. The gusset plates are welded in place and greatly increase 
the strength of the joints. 


Induction 

manifold 

.1 


Ignition wire 

conduits Induction manifold 


Monel metal 
waterjacket 



Water hose 
connections 


* ^XWater 
manifold 


Air screw hub 


Oil U 


,ump Oil drain 


Oil sump 


-Carburetor 

^Air intake to carburetor 


Fig. 747 A. — Type of Motor, Curtiss OX Series Mounted on Engine Support Shown at 

Fig. 747. 

Cantilever Motor Mounts of Tubing. — Another installation of merit is 
shown at Fig. 748. This also is composed of alloy steel tubes welded into 
a substantially braced assembly. This differs from that design shown at 
Fig. 747 however, in that the entire engine supporting frame may be re- 
moved from the fuselage front end by removing four bolts, one at each 
corner of the fuselage, clearly indicated in the illustration. Substantial fit- 
tings having projecting ears form the corners of the fuselage and the yoked 
ends of the engine support frame tubes fit these ears. The frame illustrated 
is used on the Cates-Day New Standard biplane. The engine is an eight- 
cylinder HispanorSuiza. It will he observed that wood filler pieces are 
placed between the engine supporting arms and the steel tubes forming the 
engine bed to absorb engine vibration. This illustration is also of value 
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because it shows the radiator and oil tank installation, also the simple oil 
and water piping made possible by the placing of the water pump relative 
to the radiator and the engine oil pump relative to the oil tank. The method 
of hanging the-radiator by lugs at the top and a strap at the bottom is also 
depicted. 

The six-cylinder-in-line engine is a form that lends itself readily to in- 
stallation in the airplane fuselage. A typical foreign application,' — that of 
the Albatross L75 is shown at Fig. 749. As will be seen from the illustra- 



Fig. 748. — Motor and Radiator Mount of Gates- Day New Standard Biplane is of the 
Cantilever Type, Built of Alloy Steel Tubing Welded and Braced at Joints and 
Attached to Fittings at Front Fuselage Bulkhead by Bolts. Note Method of Bracing 
by Diagonal Tubes and Welded Gusset Plates. 

tion the usual braced cantilever beam type of engine supporting frame made 
of steel tubing is attached to the front end of the fuselage longerons. The 
engine supporting frame is detachable. A supplementary tubular section 
frame carrying the aluminum nose piece and a ring encircling the propeller 
shaft shown facilitates attaching the hood cowling which is removable to 
give ready access to all parts of the engine, which is exposed as shown in 
the illustration when the cowling is removed. The location of the radiator, 
fuel and oil tanks and various auxiliary elements are clearly shown in this 
view. The six-cylinder engine is a popular type in Germany and many 
airplanes use such engines for power. 

Another interesting foreign installation is shown at Fig. 750. This is 
the front end of a Dornier-Merkur, powered with a twelve-cylinder Vee 
BMW motor of the water-cooled type. In this case the cowling is so 
arranged that the top cover, which is held by hinges at the rear may be 
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tilted up and back as shown and the side cowls folded back to permit a 
workman standing inside the engine compartment if work on the top of 
the engine is necessary. The location of the shuttered radiator below the 
nose of the fuselage where it is exposed to the airstream is also shown in 
this view. 

Placing of Pilot Relative to Engine. — In practically all European trans- 
port-airplanes the pilot sits directly behind the engine. While this position 
affords him better visibility and simplifies the controls leading to the engine 
section, it has the two disadvantages that (a) the problem of proper balance 
for both the full-load and empty conditions is troublesome, and (b) the 
danger to the pilot in the event of a crash is acute. For night flying and 


C cvsi I . Mjppnii. 



Fig. 749. — Cantilever Engine Mount of Steel Tubing Used on Albatross 75 Airplane. 

Note Auxiliary Frame of Light Steel Tubing to Which Cowl is Attached. 

for flying with bad weather conditions in mountainous country, most of the 
Air Mail pilots prefer to sit far aft. The disadvantages of the position aft 
are that (a) all controls to the engine section must be carried forward under 
the floor; (b) visibility is not so good as it should be, although in this case 
it works out fairly well, particularly as an adjustable seat is provided; and 
(c) it is difficult to heat the cockpit properly. In an airplane with as many 
controls as are necessary on the mail plane, the location of the engine-sec- 
tion controls under the floor creates a very troublesome condition, although 
the use of Ahrens control-units eliminated much of the work and mainte- 
nance trouble incidental to the use of bellcranks. 

In this country, the pilot of large transport planes is usually placed for- 
ward of the passenger cabin and back of the nose motor in order to give 
him the proper vision. In small commercial airplanes of the open cockpit 
type, the pilot sits in the rear cockpit and the passengers, who are located 
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on the approximate center of pressure, sit in the front cockpit and back of 
the engine. In small cabin planes, the pilot is usually forward of the pas- 
sengers and back of the engine. 

Mounting Engines in Wings. — Recently, three separate projects con- 
sidering the use of no less than 10,000 horsepower in a single plane were 



Fig. 750. — Engine Installation in Dornier “Merkur” Monoplane Has Hinged Cowl to 
Cover Motor and Folding Side Panels that Give Ready Access for Top Overhaul, as 

Shown in Illustration. 


announced and we must consider such designs as indicative of what we may 
expect in the future. The designs of these tremendously large planes are 
all of the thick-wing cantilever monoplane type, with cabins and engine 
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rooms enclosed in the wings. The designs include multiple powerplants, 
in some cases with tractor propellers mounted in front of the leading edge 
and in other cases with pusher propellers aft of the trailing edge. Although 
such designs seem fantastic to us at the present writing we must realize 
that the general traveling public will not be able to take advantage of aerial 
transportation on a large scale until such planes actually are built and arc 
operating safely. One man with superb courage proved that he could cross 
the Atlantic alone in a flight from New York to Paris. That was a very 
thrilling episode but, so far as public utilization of air travel is concerned, 
in the opinions of leading aeronautical engineers, as reflected by discussions 
printed in the S. A. 7 i. Journal, we need planes capable of crossing the Atlan- 
tic with at least 100 passengers. Such planes will demand enormously 
powerful engines, and it is inconceivable that the great parasitic-resistance 
of many externally mounted air-cooled powerplants can be permitted. Fur- 
ther, the need for convenient access to the engine for minor repairs and 
adjustments during flight will also require that the engines be suitably 
housed within the wing, which leads naturally to the conclusion that the 
engines should be water cooled. 

An additional good reason for the use of the water-cooled engine relates 
to ice formation on the wings and fuselages of planes, which is recognized 
as a serious handicap in transatlantic flights. While it is perhaps too early 
to make a positive assertion of this nature, it seems that if the plane were 
equipped with the wing-skin type of radiator it would be feasible to prevent 
icc formation, especially since it has been shown that the dangerous effects 
of this phenomenon are confined to restricted portions of the wings, notably 
at the leading edge. The danger is believed to exist only within a rather 
limited range of temperature and an equally limited zone of saturation of 
the atmosphere with water vapor. Presumably, icc is formed as a result 
of either absorption of latent heat through evaporation on such surfaces 
of the wings as are subjected to sub-atmospheric pressures or of local in- 
crease in pressures which, occurring in a saturated atmosphere, naturally' 
would result in condensation. Regardless of the cause, the problem is 
definitely with us, and its solution cannot be shirked if we are to have year- 
round flying over all conceivable routes. In this connection it should be 
realized that the formation of icc is not confined to the surfaces of the 
wings; it also takes place on all exposed parts of the airplane, including the 
propeller blades. 

Although many aeronautic authorities are agreed on the feasibility of 
the giant thick-wing monoplane, progress in this direction naturally is ham- 
pered by the enormous amount of money required for such an undertaking. 
In this respect the situation is very similar to that of large dirigible de- 
velopment, which is being greatly retarded by difficulty in interesting capi- 
tal in such ventures. One of the chief reasons for the rapidity in growth of 
commercial aviation along present lines is that such planes as arc now being 
used can be built for a very modest expenditure, such as $15,000 or $20,000, 
and it would require 200 or 300 times as much money to construct a large 
dirigible or an airplane of the \asl size contemplated. Powerplants inside 
the wings are being considered by Junkers, Rohrbach and other European 
designers. 
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Properties of Steel for Engine Mount Construction. — Steel is used in 
many parts of the airplane fuselage and especially for engine mountings 
as illustrated in Figs. 747 to 750 inclusive and while there has been a wide 
range of ferrous alloys to choose from, engineers have felt that most useful 
purposes would be served by concentrating on the use of a relatively small 
number of alloys. The properties of steel tubing, compared to those of 
duralumin, as recommended by the S. A. E. are such that practically all 
needs may be met without radical departure from the strength values given. 

The adoption of specific strength values for structural materials filled a 
long-felt want of the designer and eliminated many points of controversy 
that have always existed between different schools of metallurgists and de- 
signers. These values are summarized below, all values being in pounds 
per square inch of sectional area. 

COLD ROLLED MEDIUM CARBON STEEL (SAE 1025) 


55.000 T ensile* .strength 

35.000 Yield point 

90.000 Rearing strength (except hinges) 

60.000 Rearing strength for hinges and where sub- 

jected to stress reversals 

55.000 Compression strengt li 

35.000 Shearing strength 


HEAT TREATED DURALUMIN (17ST) 


Sheet 

55.000 

30.000 

75.000 

\ 27,000 (abv. h" thick) 

) 20,000 (hcl. L" thick ) 


Bar 

55.000 04" diam. and below) 

50.000 (above 54" diam.) 

30.000 ( y A " diam. and below) 
25, (KK) (above >}4" diam.) 

75.000 

30.000 


T airing 

55.000 tensile str. 

30.000 yield point 

75.000 bearing str. 

27.000 shearing str. 


CHROME MOLYRDENUM STEEL TUBING (AS RECEIVED) 


95, 0(K) Tensile strength 

60.000 Yield point 

80.000 Tension near welds 

50, (KK) Shear near welds 

60.000 Shear unwelded 

125.000 Rearing, near welds 

140.000 Bearing, unwelded 


HEAT TREATED ALLOY STEELS 


(Chrome Molybdenum, chrome 

vanadium, 3% Nickel 

S.A.E. 2330) 

Ultimate 

Yield 

Bearing 

Shearing 

Tension 

Point 

Strength 

Strength 

100,000 

80,000 

140,000 

65,000 

125,000 

105, (KK) 

175,000 

80,000 

150,000 

125,000 

190,000 

100,000 

180,000 

140,000 

200,000 

115,000 


The bearing strength to be reduced to 125,000 near welds. 
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The steel work of a fuselage, especially fittings, being highly stressed, 
it is especially necessary to protect it against salt water corrosion when 
used in seaplanes. This may be done by a variety of processes, some de- 
pending on electrical deposition of noncorrosive metals or by painting the 
tubes and fittings with enamels or rust resisting compounds. 

Nature of Duralumin. — Duralumin is an aluminum alloy containing cop- 
per, manganese and magnesium. Its strength and toughness are compar- 
able with those of mild steel, and are obtained with a specific gravity of 
2.81 as against 7.80 for steel. The melting-point is approximately 655 de- 
grees Centigrade (3,211 degrees Fahrenheit), the recalescence-point is 520 
degrees Centigrade (068 degrees Fahrenheit!, the annealing temperature 
is approximately 360 degrees Centigrade (080 degrees Fahrenheit) and the 
coefficient of expansion is 0.0(X)0225 per degree of temperature Centigrade 
(1.8 degrees Fahrenheit). The chemical composition of the alloy varies 
within the following limits: copper, three to five per cent; magnesium, 0.3 
to 0.6 per cent ; manganese, 0.-1 to 1.0 per cent; and the remainder is alumi- 
num plus impurities. Small quantities of other metals are added sometimes 
for certain specific reasons. For instance, chromium can be added to in- 
crease the burnishing qualities of the metal. 

The relative modulus of elasticity of duralumin is about one-third that 
of steel. The Bureau of Standards gives its value as being between 
10,000,000 and 1 1 ,000, (XX) pounds per square inch. Steel is quoted generally 
as having a modulus of elasticity of 26,(XX),000 pounds per square inch. 

Ill duralumin forgings v here the sections are heavy, it is advisable to 
lower the minimum tensile-strength requirements to 50, (XX) pounds per 
square inch; a proportional increase in elongation will be found. Duralu- 
min is unaffected by mercury, is nonmagnetic, withstands atmospheric 
influences and offers a remarkable resistance to sea and fresh water if prop- 
erly protected. It does not tarnish in the presence of sulplmreted hydrogen ; 
and it takes a polish equal to nickel-plating and remains bright without 
cleaning longer than any plated or silvered article. It is the ideal substitute 
for aluminum, German silver, brass, copper, nickel-plated and silvered 
articles, and is the only substitute for steel where lightness combined with 
the strength of that metal is required. It is the only light metal that can 
replace steel in forgings, with a two-thirds saving in weight. Heat-treated 
duralumin forgings approximate mild-steel forgings in strength. Wher- 
ever weight is a deciding factor, duralumin is the most satisfactory metal 
for most shapes made by hot-working or forging. Naturally, duralumin 
forgings are especially desirable for reciprocating or moving parts where 
inertia, due to their own weight, forms a large part of the total stress. 
Duralumin machines and polishes very easily and, as it docs not rust or 
corrode, it can be used in many places where weight is not the prime es- 
sential. 

Properties of Duralumin. — Annealed duralumin can be heat-treated and 
the maximum physical properties obtained, no matter what the shape or 
form to which the metal may be reduced. Conversely, heat-treated dur- 
alumin can be annealed. 

Duralumin can lie cold-worked after heat-treatment and aging. This 
operation produces a hard, smooth finish and materially increases the ten- 
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sile-strength which will increase from 6,000 to 10,000 pounds per square inch 
over that of the heat-treated metal, but the elongation may drop as low as 
three or four per cent. 

In the annealed form it can be drawn, spun, stamped or formed into a 
great variety of shapes, as is the case of brass and mild steel. The physical 
properties in this state average as follows: 

Ultimate Tensile Strength, lb per sq in., 25,000 to 35,000 
Elongation in 2 In., pel cent, 10 to 14 

Rrinell Hardness 54 to 60 

Sch roseope Hardness 9 to 12 

Duralumin in its heat-treated form can be slightly shaped or formed 
and can be bent cold to ISO degrees over a mandrel four times the thickness 
of the sheet. Its remarkable tensile-strength is here combined with its 
maximum elongation as follows: 


Ultimate Tensile Strength, lb. per sq. in., 55,000 to 62,000 

Yield-Point, lh pel sq in., 30,000 to 36,000 

Elongation in 2 In , per cent, 18 to 25 

Rrinell Hardness, 93 to 100 

Sclcroscopc Hardness, 23 to 27 


Heat-treated duralumin forgings have similar physical properties. Heat- 
treated and hard-rolled duralumin is used where no bending or forming is 
required It is a very hard, strong, springy metal in this state and machines 
or polishes beautifully. Its physical properties in this form average as 
follows : 


Ultimate Tensile-Strength, lb. per sq. in., 67,000 to 72,000 

Yield- Point, II) per sq. in , 55,000 to f >5 .(KK) 

Elongation m 2 Tn , per cent, 3 to 8 

Rrinell Hardness, 130 to 140 

Scleroseope Hardness, 37 to 42 

Preventing Corrosion of Metal. — Corrosion of duralumin has been com- 
pared with rusting in steel and must be taken care of by protective coat- 
ings. These may be applied by painting or electrolytic treatments. Some 
insulating material must be interposed between the duralumin surface and 
the corroding elements. Linoil, manufactured by Berry Brothers of De- 
troit, is an antirust material produced through treatment at high tempera- 
ture of a combination of .several oils. Its preserving action for all metals 
is such that a polished iron-plate covered in part with Linoil and exposed 
to dampness does not show any alteration in the protected part after being 
in contact with damp ground or damp air for a long time, whereas, the part 
not covered with Linoil becomes entirely rusty. Repeated tests under all 
iorms have given the best results even subject to the action of acids and 
to that of certain alkaloids. 

It is especially in aviation that Linoil has played an extremely important 
part. Duralumin may, at the present time, be efficiently protected against 
the harmful influences of dampness, of sea water, and even of acids. 

The first tests carried out at the Naval Establishment of Saint-Raphael, 
in France have enabled one to appreciate that the nonprotected samples of 
duralumin quickly deteriorated, whereas those protected by the ordinary 
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methods resisted longer, and that those treated with Linoil were absolutely 
intact. Linoil is applied with great facility, either Avith a brush or by means 
of dipping or spraying processes or any other method according to the im- 
portance and possibilities of upkeep of the part to be protected. It flows 
very easily and co\ers about 600 square feet of smooth and dry surface per 
gallon. Once applied, it is transparent, extremely durable and gradually 
becomes harder and harder, and after drying it may receive any paint what- 
soever, to which it imparts great durability. “Linoil Clear” is said to be 
used by many of the leading constructors, both for land and sea machines, 
as the only dope which absolutely protects duralumin and renders both 
wood and fabric waterproof with a thickness of of a millimeter per 

coat. 

Effects of Radiator Position on the Airplane. — The important effects of 
the location of the radiator on the airplane ha\e already been stated. Such 
quantitative results as have been obtained to date are given there. Atten- 
tion is called to the three classes of positions already defined. The unob- 
structed positions have the following advantages: 

(1) Except for the effects of the slipstream, the air flow through the 
core, and consequently the heat transfer, are greater for unobstruc- 
ted than for obstructed positions. 

(2) The head resistance chargeable to the radiator is considerably less 
for unobstructed positions than positions in the nose of the fuselage, 
in the wing or inside of the fuselage. The effect of the slipstream 
is to increase the head resistance of a radiator that Avould otherwise 
be unobstructed. 

(3) Since air flow' is greater in unobstructed than in obstructed positions 
and, therefore, heat transfer per unit frontal area is greater, it fol- 
lows that the weight of a radiator may be less for a given cooling 
capacity w hen in an unobstructed position than when in an obstruc- 
ted position. 

(4) With reduction both in weight and in head resistance chargeable to 
the radiator, the power absorbed chargeable to the radiator is re- 
duced by placing the radiator in an unobstructed position, rather 
than in an obstructed position. 

(5) With both increase in heat transfer and decrease in power absorbed, 
the figure of merit of an unobstructed radiator is considerably 
greater than that of the same type of radiator in an obstructed 
position. 

The location of the radiator in the nose of the fuselage is objectionable 
because of very large absorption of power for a given cooling capacity. 
Not only is the resistance of the airplane much greater with a nose radiator 
than with the nose properly streamlined and an unobstructed radiator of 
equivalent cooling capacity added, but the air flow through the core is so 
low that with engines of the higher powers it becomes necessary to enlarge 
the fuselage to accommodate a nose radiator of sufficient size to cool the 
engine. 

The performance of a radiator in the wing has not been thoroughly in- 
vestigated because of experimental difficulties, but enough data are avail- 
able to show that the air flow, and consequently the heat transfer, are very 
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low for a given flying speed, while the effect on the wing as such can only 
he detrimental. 

The effect of the propeller slipstream is to increase to some extent the 
air flow and heat transfer of the radiator. No specific statement can yet be 
made in regard to its effect on the head resistance of radiators in obstructed 
positions. 

The special types of core include radiators made of water tubes in the 
form of flat, hollow plates placed edgewise to the air stream and with no 
indirect cooling surface. This type has been shown to be markedly superior 
in respect to heat dissipation per horsepov er absorbed, over the ordinary 
types of cellular radiator for use in unobstructed positions on planes flying 
at higher speeds. The mechanical weakness of the flat-plate type is an 
inherent disadvantage, but one that can doubtless be overcome. Radiators 
of the fin-and-tube type show very high head resistance and low air flow; 
for this reason they are unsuited for general aeronautic use. 

Tests have been made on certain special types of core, made with water 
tubes dee]) in the direction of air flow, and narrow, placed side by side one 
behind another, with spaces between consecutive rows in each direction. 
These types produce a shrill whistling sound when in an air stream of more 
than about 30 miles per hour or fifteen meters per second, and show irre- 
gular properties. That is, the air flow through the core is not proportional 
to the flying speed and the head resistance is not proportional to the square of 
the speed. These types show very high heat transfer for a given air flow, 
but very low air flow for a given flying speed. They show also a very high 
head resistance, with the result that the heat transfer for a given flying 
speed is in general not high and the figure of merit is very low. The wdiist- 
ling types are not suitable for aeronautic use. 

The information at present available on the effects of different positions 
on the airplane, points to the following statements regarding the types of 
core suitable for different positions: 

(T ) For unobstructed positions, the radiator should be characterized by 
straight smooth air passages and low head resistance. 

(2) For positions in the nose of the fuselage, the head resistance charge- 
able to the radiator increases, for a given frontal area, with increase 
in air flow. The most suitable type of radiator will be one that gives 
a high rate of heat transfer with a low air flow. This consideration 
leads to the use of a compact type with a large amount of cooling 
surface per unit frontal area and, since the head resistance charge- 
able to the radiator does not increase with the head resistance of the 
core, cooling surface can be added, even in the form of spiral vanes 
or other turbulence devices, without serious detriment. Whether 
the turbulence devices really increase turbulence and thereby in- 
crease the heat transfer more than would be done by an equal 
amount of straight and smooth surface, is a question that needs 
further study. 

(3) For positions in the wing, the requirements are probably similar to 
those for positions in the nose of the fuselage. 
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Flight Control of Cooling Capacity. — Among the more important 
methods proposed for the control of the cooling capacity of the radiator 
in flight are the following: 

(1) The use of detachable sections is good for seasonal corrections such 
as summer and winter conditions, and for change from one latitude 
to another. 

(2) The construction of retractable types that allow withdrawing the 
radiator or a portion of it into the fuselage when its full cooling 
capacity is not needed, is one of the best methods of control from 
the standpoint of heat transfer and head resistance. Only the por- 
tion of the radiator really required for use need be outside of the 
fuselage where it will affect the resistance of the plane. Difficulties 
may be encountered, however, in the design of the fuselage for such 
an installation of the radiator. 
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Fig. 7 50 A. —Official Photo, US Army Air Corps Showing Use of Shutters to Control 

Radiator Temperature. 


(3) Some attempts have been made to use a radiator pivoted about a 
vertical axis, so that it can be swung into or out from the air stream. 
This method is unsatisfactory because when the radiator is turned 
about, or yawed, on a vertical axis, the heat transfer is increased for 
certain angles while the head resistance is also greatly increased. 
This method not only fails to give satisfactory control of cooling 
capacity, but adds greatly to the absorption of power. 

(4) If the fuselage cannot be designed to accommodate a retractable 
radiator, the radiator can be divided into two parts and the two 
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halves placed on opposite sides of the fuselage. This gives the advan- 
tage of an unobstructed position and allows control by shutters that 
may be two plates for each radiator, hinged at the side of the 
fuselage. These plates swing out and mask both the front and rear 
faces to any desired extent. 

(5) Shutters of the window-blind type are objectionable because they 
add greatly to the resistance of the radiator when closed, and their 
effect in increasing head resistance and decreasing air flow is by no 
means negligible when open. 

(6) Control by regulation of the water flow has been suggested, but no 
satisfactory method has been proposed. If the water is cut off 
from a part of the radiator, that part is likely to freeze at great alti- 
tudes or in cold weather; while a change in rate of flow is not prac- 
ticable because, with rates commonly used in practice, the heat 
transfer is practically independent of the rate of flow. 
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Fig. 751. — U. S. Air Service Approved Typical Oil Connection. 


Altitude Effects on Performance. — As an airplane rises to great alti- 
tudes, the decrease in density and temperature of the air have important 
effects upon the performance of the radiator. The reduction in temperature 
tends to increase the heat transfer in proportion to the increase in mean- 
temperature difference between the water in the radiator and the air 
through which it passes. The decrease in air density reduces the mass of 
air passing through the radiator for a given flying speed and thus tends to 
decrease the heat transfer by an amount corresponding, but not propor- 
tional, to the decrease in density. 

Since the head resistance is practically proportional to the density of the air, 
the effect of the decrease in density is to reduce the head resistance for a given 
flying speed by an amount proportional to the decrease in density. The 
combined effect of density and temperature changes due to changes in alti- 
tude is to decrease the heat transfer for a given flying speed, but the head 
resistance is also decreased and for the higher speeds the figure of merit 
is in general somewhat increased. Estimates of probable densities and tem- 
peratures at altitude can be made from meteorological data, and the per- 
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formance of a given radiator at altitude can be estimated from its 
performance at ground level by the use of the equations now available for 
air flow, heat transfer, head resistance, power absorbed and figure of merit. 

Regarding the effects of engine and plane performance on radiator 
performance, the equation mentioned can also be used, with the aid of 
meteorological data, to estimate the performance of the radiator and the 
frontal area required, under varying conditions such as maximum rate of 
climb or level flight at all altitudes, if enough is known about the perform- 
ance of the engine and of the airplane to determine the flying speed, the 
rate at which heat must be dissipated and the lift-drag ratio of the airplane, 
under the different conditions. 
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Cooling Systems 

The following general notes were prepared for the guidance of airplane 
designers by the Engineering Division of the U. S. Air Service.* They 
are based on practical considerations of ease of maintenance, efficiency, etc. 

Operating Conditions. — The most severe condition under which an air- 
plane cooling system is called upon to operate exists during the maximum 
power output when the air speed is lowest and the air temperature highest. 
In most types of service airplanes, this condition coincides with full throttle 
maximum climb, full load, and ground temperature of 38 degrees Centigrade 
(100 degrees Fahrenheit). Standard air temperature conditions to be pro- 
vided for arc as follows: 

General Design. — Wherever possible the cooling element should be de- 
signed to facilitate subsequent changes in size in order to give the airplane 
a wide range of cooling performance should this be found desirable. 

Air Flow. — Other things being equal, the effectiveness of a cooling ele- 
ment (radiator core) varies with the mass flow of air through it; therefore, 
any obstructions to the greatest possible air flow should be avoided. The rate 
of heat dissipation by the cooling element should be figured on a basis of 
this air flow during the maximum climb above referred to. When nose 
radiators are used well-designed cowl louvres, having an effective area ten 
per cent greater than the free air area of the radiator core, are desired. 

Water Flow. — Water passages should provide for ample water flow with 
minimum pump suction. In ribbon type cores a single restriction affects 
the entire passage between the headers. Where a water passage is designed 
exceedingly small, serious subsequent restrictions may occur from careless 

* “Handbook of Instructions for Airplane Designers,” Engineering Division, U. S. Air 
Service, McCook Field, Dayton, Ohio, 1922. 
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manufacture, rough handling, solder, variations in metal thickness, lime 
deposits, etc. Restricted water flow increases the temperature rise through 
the engine, causes cavitation and overflow, and lowers the boiling point 
owing to the increased suction produced by the pump. 

Cooling Surface. — Direct cooling surface (surface backed by flowing 
water) is more effective, particularly at high air speeds, than indirect; how- 
ever, when the radiating fins are relatively small and the thermal bond be- 
tween them and the direct cooling surface is good, their loss in rate of heat 
dissipation over direct surface may be less than ten per cent. Stagnant 
water in the cooling element should be avoided. Where radiators are placed 
below, or below and in rear of engines with underneath carburetors, suitable 
allowance must be made for the blanketing effect of these carburetors and 
their induction pipes. Suitable allowance must be made for any structure 
effecting air flow through the core. 

Temperature Control. — A positive, quick operating temperature control 
should be provided. At low air temperature a seemingly negligible air flow 
through the cooling element really produces a very considerable cooling 
effect. In systems adequate for summer flying this effect is magnified and 
may even interfere with performance. 

Repair. — All parts of an airplane cooling system are subjected to severe 
shocks, strains, and constant vibration, and require suitable protection 
therefrom. Every design should facilitate field repair of all possible leaks. 
Internal seams and soldered joints not easily accessible must be avoided. 

The following table of cooling system weights has been estimated and 
is included for the information of the designer: 


ESTIMATED COOLING SYSTEM WEIGHTS' 1 ' 


Purpose and Engine 


(1) 

Training 

Curtiss 

Wright 

Pursuit 

Curtiss 

Curtiss 

Packard 

Wright 

Observation 

Liberty 

Liberty ( Supercharged ) ... 

Packard 

Packard 

Wright 

Bombing 

(For slow bombing airplanes add 10 per cent to cooling sxstem 
Observation airplanes, except where supercharger is used, then add 6 
given for supercharged engine ) 





Weight of the 


R P M. 

Sea Level 

Radiator and 

Model 

Normal 

B.lTp 

W ater Tanks, 




Full, Lb. 

(2)_ 

(3) 

(4) 

(_5 ) 

0X5 

1400 

90 

75 

[ and E2 

! 1700 

190 

110 

D12 

2200 

430 

100 

V-1400 

2100 

500 

195 

I A- 1500 

2100 

510 

215 

T3 

2000 

030 

250 

12A 

1700 

420 

190 


1700 

420 

250 

IA 1500 

2100 

510 

245 

IA-2500 

2000 

800 

380 

T3 

2000 

030 

285 


weights 
per cent 


given for 
to weight 


Note: Column (5) includes radiator and radiator water, reserve tankage, and reserve 
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water only. Piping, water in piping, water in engine, and temperature control device arc 
not included. 

These estimates are based on adequate cooling with ground temperature 38° C 
( 100 ° F) 

♦Table taken from Handbook of Instruction for Airplane Designers, issued by the 
Engineering Division, Air Service, 1025 edition. 

Performance. — The cooling- system shall operate satisfactorily, and the 
water shall not boil or exceed a temperature of 95 degrees Centigrade (203 
degrees Fahrenheit) when the airplane is carrying full load at full throttle, 
maximum climb, from sea level to 7,000 feet altitude, with engine water not 
less than 60 degrees Centigrade (140 degrees Fahrenheit) at take-off and 
with a ground temperature of not less than 38 degrees Centigrade (100 
degrees Fahrenheit). With this same ground temperature at maximum 
engine speed, level flight, below 1,000 feet the water in the system shall 
remain below 05 degrees Centigrade and shall not oxerflow. 

Radiators. — Fach radiator shall be of approved design and proof against 
the action of normal vibration. The total outlet area of each radiator shall 
be not less than the total inlet area of the engine water pump. Each radia- 
tor shall withstand, without leakage, an internal pressure of ten pounds 
per square inch, plus the pressure of the water earned in the system above 
the radiator. Each radiator shall be suitably protected against any col- 
lapsing due to the maximum pump suction possible in the system during 
specified performance. 

(a) Radiating .Surfaces — Radiating surfaces shall be clean, free from 
paint or any foreign matter, and polished. Each radiator shall be free from 
loose solder, acid, or other chemicals injurious to the metals of the cooling 
system. 

(b) Radiator Shell — All joints ami seams in the radiator shell shall he 
locked and soldered, or riveted and soldered All radiator shell areas four 
inches square or larger should be corrugated or otherwise stiffened to pre- 
vent undue distortion under service conditions. 

(c) Each radiator shall be provided w ith a lip around the edges of the 
core extending out two inches from the core face, or if shutters are used 
immediately in front of the core, the lip shall extend to the plane of the 
closed shutters. This lip may be incorporated in the shutter frame if de- 
sired. Except wdiere properly reinforced by headers, the radiator shell 
shall be turned in toward the core and hack approximately parallel to itself, 
forming a “U” shaped cross section at the front and rear faces of the core. 
This portion of the shell must not act as a bypass for the water, nor shall 
it contain any water which does not drain coincident with the entire system. 

(d) Flow Capacity — Under a pressure equal to the available head plus 
one pound per square inch, each radiator shall circulate an amount of water 
equal to that which the pump will deliver through the engine at normal 
speed. (The available head corresponds to a column of water w hose height 
is equal to the vertical distance from the center of the water pump inlet 
to the point of overflow in the system, with the airplane in level flight posi- 
tion.) 

(e) Radiator Protection — Where radiators are located in the lower wing 
or near the landing gear, suitable protection shall be provided against mud, 
dirt, and stones thrown back by the wheels or propeller. 
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(f) Radiator Mounting — Unless otherwise specified, all radiators must 
be strapped into padded cradles or mounted in a similar manner without 
supporting lugs or brackets being secured directly to the radiators them- 
selves. Each radiator shall be so supported that movements due to expan- 
sion and contraction shall not be unduly restricted. Approved shock 
absorbing pads or cushions shall be provided between the radiator and its 
main supports. The radiator shall not be supported on or by the engine, 
or secured to it, except through necessary hose or flexible pipe connections. 
All radiators must be readily removable. 

(g) Nose Radiators — Nose radiators shall be so constructed that they 
are removable over the propeller hub. 

Temperature Control. — The system of temperature control provided 
shall be such that the temperature of the water in the system may be con- 
veniently maintained above freezing and the temperature of the water in 
the engine at not less than 60 degrees Centigrade (140 degrees Fahrenheit) 
during indefinite flight, at the service ceiling of the airplane in December, 
anywhere within the United States. The temperature controls shall be 
simple, rugged, positive in action, and so placed that the pilot can operate 
them quickly and conveniently. 

(a) Shutters — Each nonretractible radiator shall be provided with a 
strong, durable, well-designed shutter covering of the entire frontal area of 
the core when closed, and, if mounted in the rear of the propeller, shall be 
removable over the propeller hub. Where shutter vanes are used they must 
lap when closed. Each shutter shall be provided with an easily-operated 
positive control, convenient to the pilot, the control opening the shutter 
with a forward motion. Control design shall be such as to provide easy 
operation wdth a heavily gloved hand. Unless otherwise specified, shutters 
shall be operated by one of the following means: 

I. Push and pull rods or tubes. 

II. Torsion rods or tubes. 

III. Suitable cables and pulleys. 

IV. Combinations of I, 11, and III. 

Where pulleys are used for changes in cable direction greater than 60 de- 
grees, their minimum grooved diameters shall be not less than 25 times the 
diameter of the cable used. Cable guides or runners exposed to the weather 
shall not be used. The open and closed control stops shall be at the shut- 
ter. Provision shall be made for the automatic opening during flight of 
each shutter should the controls break or become disconnected. Unless 
otherwise specified, each shutter vane, taken as an aerofoil at an angle of 
incidence of approximately 45 degrees, shall be pivoted at its center of 
pressure. Shutters wdll not be accepted with vanes or air deflecting ele- 
ments so pivoted or mounted as to cause undue stresses on the control 
mechanism in any position throughout the range of operation during flight. 
The shutter and shutter controls shall be of rugged construction through- 
out. 

(b) Shutter Mountings — Shutters shall be suitably attached either to 
the radiator itself or a suitable adjacent structure, but never to both. Shut- 
ters or shutter mountings attached to the engine will not be accepted. 
Where radiators, shutters, mountings, or controls are placed near a propeller, 
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the minimum allowable clearance between these and the propeller or propel- 
ler hub assembly shall be inch up to and including - fifteen inches from 
the axis of the propeller shaft, and one inch from this point up to and in- 
cluding 36 inches from the axis of the propeller shaft. 

Expansion and Auxiliary Water Tanks. — Each expansion and auxiliary 
water tank shall be suitably mounted and protected against vibration and 
expansion strains. All auxiliary tanks shall be so protected as to prevent 
water freezing under all flying conditions. The water in all auxiliary tanks 
shall be in direct circulation with the cooling system unless otherwise speci- 
fied. Each tank shall be clean and free from loose solder and all injurious 
acids or chemicals. Areas four inches square or larger shall be corrugated 
or otherwise stiffened to prevent undue distortion under service conditions. 

Piping and Connections. — All piping shall be as direct as possible and 
free from sharp bends and restrictions. Cross sectional areas smaller than 
areas of corresponding ports in pump or engine will be considered restric- 
tions. The inside radius of all bends shall exceed 2 /> pipe diameters. 

(a) Air Locks — All piping shall be free from possible air locks (high, 
unvented points) with the airplane in normal positions. 

(b) Material — Piping shall be of metal wherever possible. 

(c) Hose Connections — Rubber or fabric hose more than two diameters 
long shall be suitably reinforced to withstand, without distortion, an exter- 
nal pressure of fifteen pounds per square inch. 

(d) Accessibility — All pipe and hose connections shall be readily acces- 
sible. 

(e) Markings — All water piping shall be marked with a white band 
near each union and on each side of every flexible connection. 

(f) Flexible Joints — Flexible joints shall be provided near all brazed 
joints and unions. All hose clamps used shall be of approved type. 

Carburetor Manifold Jackets. — Provision shall be made for the best pos- 
sible water flow through carburetor manifold jackets where these are pro- 
vided. Water outlets from these jackets must be located in the line between 
the radiator and engine pump, preferably near the pump. Water discharge 
from these jackets shall not be near water thermometer bulbs. 

Thermometers. — Each cooling system shall be provided with an ap- 
proved type of thermometer which shall correctly indicate the temperature 
of the hottest engine water at all engine speeds. This thermometer shall 
be located in the circulating water, near the highest point, or directly above 
the engine. 

(a) Location — All water thermometers shall be so located as to be un- 
affected by local temperature conditions such as water discharge from inlet 
manifold jackets, direct heat radiation from engine, exhaust gases, air traps, 
stagnant water, air flow, etc. 

(b) Mounting — The bulbs of all water thermometers shall be not less 
than 75 per cent immersed in freely circulating water at engine idling 
speeds, and at the same time there shall be no undue restriction to water 
flow at these points. 

Entire System. — Suitable provision shall be made against the possibility 
of dangerous steam pressures under adverse cooling conditions. In open 
systems the size of the vents shall correspond to their length and the ca- 
pacity of the systems. All systems shall be completely vented to prevent 
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air locks, and in all closed systems where vents are necessary to prevent 
such air locks during filling, these vents, free from water traps, shall lead 
to the highest point in the filler necks. All parts of the entire cooling sys- 
tem must be suitably protected against corrosion. 

(a) Closed Systems — At the highest point of each closed (pressure) 
system an approved safety valve shall be provided, as well as a suitable 
pressure gauge and a means of venting the system at will, convenient to 
the pilot. 

(b) Vents — Vents shall be independent of filler caps. Vents and over- 
flows shall not be susceptible to syphon action and shall not have pockets 
which will trap water. Unless otherwise specified, minimum vent sizes 
shall be as follows : 

MINIMUM VENT STZE 


Engine Hp 0 to 400 401 to 600 601 to 800 801 to 1000 

Minimum Vent Diameter >6 in ^ ins in. 


(c) Vent Location — Wherever water may overflow, the outlet shall 
be so located as to be visible from the pilot’s seat, protected against freezing 
during flight at low air temperatures and against the excessive loss of water 
during (lives. All outlets shall be so placed that water discharged there- 
from can not interfere with the pilot or observer, or the proper functioning 
of any part or accessory of the airplane. 

(d) Protection from Freezing — All water connected with the cooling 
system and not in actual circulation at engine idling speeds shall be suitably 
protected against freezing during flight at low air temperatures. 

(e) Water "Reserve — The system shall carry sufficient water to provide 
satisfactory cooling during a period equal to the fuel capacity of the air- 
plane at normal engine speeds. Provision shall be made for using all re- 
serve water before the level of the water in the system falls below the 
radiator core or the engine jacket outlets. The following formula is given 
as a guide in estimating the required amount of reserve water in open sys- 
tems : 

HN 

C = 10 H 

160 

C — Capacity required for reserve water in pounds. 

H — Capacity of fuel tanks in flight hours. 

N ~ Normal brake-horsepower of engine. 

Provision shall be made for a head not less than two inches above the top 
of every cylinder jacket, with the airplane climbing at 25 per cent to the 
horizontal, or gliding at fifteen per cent, having a ten per cent list to either 
side, when all reserve water has boiled or leaked away. 

(f) Filler Caps — Each system shall be provided at its highest point (tail 
skid on the ground) with a suitable filler cap forming a water-tight joint, 
and each cap shall be provided with a chain or other suitable attachment. 
The minimum inside diameter of all filler holes shall be not less than 
inches. Durable filler caps, not requiring removal of cowling or other struc- 
ture or the use of wrenches or special tools for removing shall be used. 
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Vents shall be independent of filler caps. 

(g) Drain Plugs — Each system shall be provided at its lowest point 
(tail skid on the ground) with a suitable drain plug enabling the entire 
system to be quickly, easily and completely drained. Suitable arrangement 
shall provide against all possible injury to the airplane or its accessories 
from the discharge of this drain water. The minimum drain plug diameter 
shall be one inch. Each drain plug shall be suitably safetied against loosen- 
ing. Provision shall be made for conveniently draining the engine water 
pump. 

Engine Installation 

The United States Air Service has drawn up general instructions for the 
installation of airplane engines based on practical considerations such as 
safety, ease of maintenance, etc. Airplanes submitted to the Air Service are 
required to comply with these specifications. The following is abstracted 
from the “Handbook of Instructions for Airplane Designers” issued in 1922 
by the Engineering Division, McCook Field, Dayton. Ohio. 

Engine Mounting. — The engine mounting shall be so designed as to 
afford the maximum strength and accessibility consistent with the general 
design of the- airplane. Attention is particularly directed to the fact that 
eight-cylinder, 90 degree, Yee-type engines have a decided tendency to 
vibrate in a horizontal plane, and suitable precaution to stiffen the structure 
against this vibration shall be taken. It should also be noted that the ex- 
treme rigidity in the immediate vicinity of the engine is of little value unless 
proper provision is made to carry tins strength through to the main points 
of support. The engine should not be used to support any part of the air- 
plane structure oi J any accessory not forming a part of the engine equip- 
ment. (The frames shown at Figs. 747 and 748 are well braced to withstand 
vibration of eight-cylinder engines.) 

(a) Removal of Engine — The engine shall be so mounted in the airplane 
that it can be readily removed as a unit without detaching magnetos, water 
pump, carburetors, or any accessory which is properly a part of the engine, 
or removing any important parts of the airplane structure. The time re- 
quired to remove the engine should not exceed four hours. 

(b) Holding Down Bolt — The engine holding down bolts shall be of a 
size to fit the holes in the engine feet with a clearance of not over inch. 
Large washers shall be provided to prevent the bolt heads crushing the 
engine bearers. These washers shall be inch larger diameter than the 
standard washers for bolt used. 

(c) Engine Support — A steel strap of approximately Vi<; inch in thick- 
ness shall be securely fastened to the engine bearer at points of engine sup- 
port. These straps shall be of greater width than the engine feet, except in 
cases where engine feet arc continuous, in which case lighter sheet metal 
may be used to protect the engine bearer face. 

(d) Magnetos — It shall be possible to remove the magnetos or other 
ignition devices from the engine as an entire unit without detaching any 
other part. It shall be possible to clean and adjust the breaker points with- 
out removing the- magnetc/ from the engine. The breaker points shall be 
directly.visible without moving the magneto or removing any other part. 

(e) Distributor — It shall be possible to inspect and clean the distributor 
without disconnecting any high tension wire or removing any other part 
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of the airplane engine, or equipment except cowling. 

(f) Carburetors — No part of the airplane structure or equipment shall 
be so located as to necessitate its removal in order to remove the carburetor 
from the engine or to interfere with the accessibility of the float chamber, 
carburetor strainer, and jets. 

(g) Water Pump — It shall be possible to remove the water pump from 
the engine as an entire unit without removing the engine from the airplane. 
The water pump shaft packing shall be easily accessible for adjustment. 

(h) Oil Strainer and Relief Valve — No part of the airplane structure 
or equipment shall be so located as to interfere with the accessibility of the 
oil strainers and relief valve on the engine. 

(i) Oil Pump — It shall be possible to easily remove the oil pumps with- 
out moving the engine, tanks, or important parts of the airplane structure. 

(j) Fuel Pump' — If a gasoline pump is mounted on the engine, it shall 
be possible to easily remove this pump without moving the engine, tank, 
or important parts of the airplane structure. 

(k) Starter — Tf the engine is equipped with a starter, it shall be possible 
to easily remove the starter without moving the engine, tanks, or important 
parts of the airplane structure. 

Engine Controls 

Care should be exercised to insure an engine control installation that is 
simple, reliable and convenient. 

Operation. — Controls shall be operated by rods, torsion members, or 
flexible cable. Pods or torsion members are greatly preferred, and flexible 
cable should be used only where unavoidable. Jf flexible cables are used, 
pulleys shall be provided at all points v\ here the direction of the cable is 
altered. Flexible cable run through tubes or flexible sheathing will not be 
permitted. Controls shall be positively operated, and springs shall not be 
relied upon to actuate the control in either direction. All controls shall be 
of the friction tv pe so designed that frequent adjustment will not be re- 
quired. 

Stops. — Stops limiting the motion of the control shall be located at the 
control lever. All levers shall be so installed that the normal motion of the 
engine control is not reduced, and when the control handle is against the 
stop, the corresponding control lever on the engine shall be against its stop. 

Direction of Motion. — All engine controls shall move forward for the 
open or running position ; that is, the throttle handle must move forward 
to open the throttle, the mixture control handle shall move forward to make 
the mixture lean, the spark control handle shall move forward to advance 
the spark, the shutter control handle shall move forward to open the shut- 
ter and the supercharger blast gate lever shall move forward to close the 
blast gate, thereby bringing the supercharger into action. 

Marking. — All engine controls shall be clearly marked as follows: the 
throttle control lever shall be marked “Throttle/* the extreme positions 
shall be marked “Open” and “Closed”; the mixture control lever shall be 
marked “Mixture,” and the extreme positions shall be marked “Rich” and 
“Lean”; the spark control lever shall be marked “Spark,” and the extreme 
positions shall be marked “Retard” and “Advance” ; the shutter control 
lever shall be marked “Shutter,” and the extreme positions shall be marked 
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“Open” and “Closed”; the supercharger blast gate lever shall be marked 
“Blast Gate,” and the extreme positions shall be marked “Open” and 
“Closed.” In marking the control levers the abbreviations “T,” “M,” “R, M 
and “S” may be used for the throttle, mixture, blast gate, and the spark 
levers, respectively. 

Disposition. — In airplanes intended to be operated by two pilots, such as 
training airplanes, the engine controls shall be so arranged that either pilot 
may have complete control. In training airplanes the spark, throttle and 
mixture controls shall be installed for both pilot and student. The gasoline 
shut-off valve, ignition switch, and shutter control need not be duplicated, 
but must be so installed that they can be conveniently operated by either 
pi lot or student. The primer, booster magneto and starter switch shall be 
installed in the rear cockpit only. The throttle and mixture controls only, 
need be installed in the gunner’s or observer’s cockpit in two-seater service 
types. 

Location. — In single-engined airplanes the throttle, mixture, and spark 
controls shall be conveniently located at the left-hand side of the pilot. The 
location of the shutter control shall be such that it may be conveniently 
reached by the pilot, the left-hand side being preferred if a convenient 
arrangement can be secured. Where two or more engines are used, the con- 
trol system shall be 1 so arranged that the engines may be controlled in- 
dividually and simultaneously. The location of the control levers should, 
as far as possible, follow the requirements laid down for single-engined 
airplanes. 

Switch Location. — It is preferred that the ignition switch be located con- 
veniently to the pilot’s left hand, especially on service airplanes. 

Lubricating System 

Capacity. — The lubricating oil tank capacity in general, shall be not less 
than Vio of the gasoline capacity by volume. 

Expansion Space. — An expansion space equal to ten per cent of the tank 
capacity, to provide for the increase in volume of oil due to expansion and 
the inclusion of air bubbles in the oil returned from the engine sump, shall 
be provided in each lubricating oil tank. 

Tank Location. — The tank shall be located as near the engine oil pump 
as possible and shall be approximately on the same level as the pump inlet. 
In case the Liberty engine is used, the bottom of the oil tank shall not be 
below the pump inlet. 

Filler Location. — The location of the oil tank fdler opening shall be such 
as to facilitate filling the tank without the use of a special funnel. It is 
desirable that the filler opening be accessible from outside the airplane, 
either by allowing the filler neck to project through the side wall or by 
having a properly covered opening in the side wall near the filler opening. 
The location of the filler opening shall be such that oil overflowing will not 
fall on parts of the airplane structure or engine accessories which might be 
damaged. The filler opening shall be so arranged that it is impossible to 
fill the expansion space, with the airplane in normal position on the ground. 

Vents. — All oil tanks shall be provided with vent tubes of ]/ 2 inch out- 
side diameter. These vent tubes shall be so located as to prevent the 
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pocketing of air in the oil tank, and shall be connected to the engine crank- 
case on all engines provided with the necessary opening. Where it is not 
possible to- connect these vents to the engine or crankcase, they shall be 
led to a point where oil overnowing will clear all parts of the airplane. 

Pipes. — All oil pipes shall be of annealed copper tubing with a wall 
thickness of approximately 3 / tlI inch. The diameter of the oil pipes shall be 
not less than that of the connections on the engine. The oil pipes shall be 
as short and direct as possible. All oil pipes shall he lagged by wrapping 
with cord or fabric tape where exposed to a direct air blast. Soldered, 
welded, or brazed joints will not be permitted in oil lines. 

Connections. — All oil pipe connections shall be made with fabricated 
rubber hose and approved type hose clamps. The ends of the pipes shall 
be beaded to prevent the hose from slipping off. The length of exposed 
rubber hose at. a joint shall not exceed the inside diameter of the hose. The 
proper method of making up an oil pipe connection is illustrated in Fig. 751. 

Cooling. — The lubricating oil tank shall be provided with sufficient cool- 
ing area to keep the temperature of the oil below 70 degrees Centigrade 
under all conditions of flight. This may be accomplished by providing a 
separate oil radiator, or preferably, by making part of the oil supply tank 
serve as an oil cooler. The oil cooling elements must not contain restricted 
passages which would offer undue resistance to the flow of cold oil. 

Strainers. — Oil strainers, other than those contained in the engine, are 
not to he used. 

Circulation. — In order to assist in cooling the oil, the oil piping shall be 
so arranged that oil will circulate through the entire tank. 

Drain Plug. — A dram plug not smaller than a jkj- inch pipe plug shall 
be provided. The location of this drain plug shall be such that it is readily 
accessible and that the entire contents of the lubricating system may be 
drained. Means shall be provided for locking this plug. 

Tank Connections. — Connections to the oil tank shall be made by means 
of standard pipe flanges and nipples or elbows. 

Cowling 

General Arrangement. — The cowling around the engine shall be con- 
structed with a view to securing minimum head resistance, protection to 
the engine, the crew and airplane structure from fire in the engine com- 
partment. 

Air Flow. — The cowling shall be provided with suitable air inlets and 
outlets to allow ample flow of air over and around the engine sump and 
cylinders. In case a nose radiator is used the air outlets shall be so ar- 
ranged as to allow amide flow of air through the radiator. The effective 
area of these outlets shall exceed by not less than ten per cent the free air 
area of the radiator core. When a Wright engine is used, it is desirable 
for the valve covers to project through the cowling. This assists materially 
in cooling the engine. 

Attachment and Support. — The cowling shall be attached to its supports 
by means of removable hinge pins, thumb nuts, flexible cable with turn- 
buckle, or other approved device. Attaching devices of elaborate design 
or difficult to obtain shall not be used. The cowling supports shall be en- 
tirely independent of the engine, and care shall be taken to see that engine 
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vibration is not transmitted to the cowl, as this greatly decreases the life 
of the material. All cowling shall be quickly and easily detachable. 

Doors. — Properly secured doors shall be provided which will permit 
access to the engine for adjustment, whenever necessary. These doors shall 
be marked clearly, indicating the parts to which they give access. 

Propeller Clearance. — The clearance between the engine or radiator 
cowling and the propeller shall be not less than inch at all points within 
a radius of fifteen inches from the center of the shaft and not less than one 
inch at all points within a radius between 15 and 36 inches. 

Ignition — Arrangement of Wiring. — The installation of the ignition wir- 
ing shall be carefully considered and every effort made to guard against the 
possibility of grounded, open, or short circuits. Carelessly installed wiring 
is a constant source of danger and may incur both engine failure and fire. 
The wiring shall be simple, direct, and accessible. All unnecessary slack- 
ness shall be avoided and the wires installed and supported in a neat, work- 
man-like manner. All wires shall be run in a group, and so located that 
danger of oil, water, or gasoline dripping on them is avoided. As far as is 
consistent with the above, the wires shall be as accessible as possible for 
inspection and replacement. 

Wire. — Each wire shall be continuous from end to end, no splices being 
allowed. 

Protection of Wiring. — Great care shall be exercised to guard against 
chafing of the insulation The use of aluminum or fiber conduits is desir- 
able where possible Where wires supported by metal clips and passing 
through the fire wall or bulkheads are apt to rub against any wooden or 
metallic parts, they shall be protected by fiber or rubber grommets or other 
acceptable dc\ice. Particular care in this regard shall be taken with high 
tension wires. 

Ground Wire. — -The ground wire shall be connected with the engine 
itself and not with any part of the engine mounting or airplane structure. 

Storage Battery. — The storage battery shall be carefully housed, sup- 
ported, and protected against oil, gasoline, and water. Jt shall be so located 
that in case a cell is broken the acid will not injure any vital part of the 
airplane. 

Booster Magneto. — If a booster magneto is installed, its location shall be 
such that the handle is not apt to be accidentally struck during operation 
of the airplane or while climbing in or out of cockpits. The location shall 
also he such that there is no danger of fuel leaking on the magneto or of 
sparks passing between the magneto and metallic parts of the airplane. 

McCook Field Gasoline System. — A special gasoline system developed 
at McCook Field, and known as the McCook Field Gasoline System, has been 
used in the USD-9 A now obsolescent. In this system, there is no pressure in 
the supply tanks other than that of the atmosphere, although the pumps pro- 
vide positive force feed to the carburetors. One of the considerations was to 
provide as large a tank capacity as possible with a minimum weight of the 
elements involved. It was also the aim to minimize the fire danger from leak- 
age of fuel, and to incorporate a reserve supply system sufficient for about 25 
miles of flight with full accessibility of the reserve fuel. In addition, the desira- 
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bility of providing a positive gravity feed at starting was recognized. Briefly, 
the system which is shown at Fig. 751 A consists principally of a main supply 
tank of 134 gallons capacity with feed to the carburetors by means of two vane 
gasoline force pumps, driven from the crankshaft by flexible shafting, and an 
eight gallon gravity tank, located in the center section of the upixr wing span. 
It should be noted that whereas the pump arrangement affords positive feed 
under all conditions, no air pressure is utilized in the fuel system as was used 
in the old De Havilland with Liberty motor. The total fuel supply of 142 
gallons is sufficient for about four hours operation of the Liberty-12 engine 


Air vent and overflow^ 




Layout of Gasoline Feed System Incorporating Main Pressure Tank 
and Overhead Gravity Tank 

Fig. 751A. — Layout of McCook Field DH9 Gasoline System Which Used Two Vane 
Type Pumps at Bottom of Main Fuel Tank Driven by Flexible Shaft Connection with 

the Engine. 
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at full throttle, and at ground-level rate of consumption. 

The main tank was 38 inches long, 34'/> inches high and 23 J4 inches wide, 
with its forward face five inches to the rear of the extreme end of the engine. 
The gravity tank measured 32^4 inches in length, 13^4 inches in width, and was 
5 /i inches maximum depth. The curvature of the bottom of this tank is such 
as to insure drainage of its entire contents to the carburetor, while the plane 
is at any normal angle of flight. The large rectangular main tank is constructed 
of sheet steel, with riveted and soldered joints, and is divided longitudinally by 
a partition and transversely by a baffle plate. 
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Tank Locations and Supports. — The main tank is located in the fuselage 
back of the engine and booster radiator, and forward of the pilot’s cockpit. This 
position is as close as possible to the center of gravity of the plane, so that 
the stability will not he appreciably altered by the consumption of the 842 pounds 
of fuel carried. The tank rests on padded longitudinals carried by cross struts 
between the lower fuselage longerons, and is held securely in place by holding- 
down straps attached to cross struts between the upper longerons immediately 
ahead of and behind the tank. The overhead gravity tank is supported by metal 
brackets on its under side from the front and rear spars of the center wing 
section. The convex bottom of the gravity tank projects below the under side 
of the center section, and at its lowest point is about 2 inches above the top 
surface of the main tank. 

The feed pipe connection between the main tank and the gravity tank is 
carried upwards from the gasoline pump through a four-way control valve 
along the right rear cabane strut, into which it is inset along the entering edge. 
When this pipe, reaches approximately the height of the curved bottom of the 
gravity tank, it is carried forwaul on a level to the entry point. Surplus gaso- 
line reaching the gravity tank overflows through a smaller pipe which is brought 
down along the trailing edge of the same rear cabane strut, and which serves 
as a combination vent and overflow pipe 

Tank Vents- -Venting of the gravity and main tanks is provided for by 
means of small-diameter tubing. In the case of the main tank, vapor only may 
be discharged, and for this purpose a pipe runs from the base of the filling pipe 
to the rear edge of the forward cabane strut, up which it is carried for some 
distance into the full sweep of air from the slipstream. The gravity tank 
vent ends within the reservoir just at the filler cap, and is carried down the 
trailing edge of the right rear cabane strut to a point beneath the level of the 
fuselage, where both vapor and excess pumped fuel are discharged into the 
open air, far enough away from the engine to remove any fire danger from 
this cause. 

The top of the main tank shown at big. 751 C carries the filler neck, cap and 
.*• trainer, which assembly is placed 5 \ inches to the rear of the forward face of 
the tank. The filler cap is approximately 7*4 inches above the surface of the 
tank at a level of the top cowling and closes a 2 l /\ inch tube extension from 
the tank proper. Also on the top of the tank are the housed pump gears, 
gauges and four-way distributor valve. The gauges are enclosed in small 
streamlined housings, and project ten inches above the tank which brings 
them inches above the fuselage top cowling. Between the two gauges 
which indicate the fuel level in the left and right chambers of the tank, is 
a gauge which shows clearly the amount of pressure on the force-feed line 
in pounds. Due to their height and location, these three gauges arc visible 
and easily read by the pilot through the windshield in front of his cockpit. 
The four-way control valve is located on top of the tank just back of the 
gauges, and is connected by means of a control shaft to an operating 
handle on the instrument board. The four-way valve has three working 
positions and an “off” position. At starting, the valve is so turned that the 
main tank gasoline supply is shut off, and the carburetors receive fuel 
from the overhead tank through the supply pipe and the four-way valve. 

When the engine is running at sufficient speed to operate the fuel pumps 
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at full pressure, the control valve may be turned to the running position, so 
as to send the fuel from both main tanks direct to the carburetors. With the 
valve in this position the gravity tank is shut olT entirely from the rest of the 
system, holding its contents in reserve. If it is desired to fill the gravity tank 
when the engine is running the four-way valve may be turned to its third running 
position, in which case fuel will be pumped to the carburetors and to the over- 
head tank as well as from the main tank. It is also possible to fill the 
gravity tank through a filler opening provided for use when the plane is on 
the ground and the engine not operating. 

Gasoline Pump Drive. — From the bevel gear attached by studs to the 
rear end of the maiushaft of the Liberty engine, by which the engine water 
and oil pumps and the camshafts and generator are driven, there are two spline- 
driven flexible-shaft drives at the right and left sides of the centerline of the 
engine, which lead upward and backward at an angle of about 45 degrees 
through flexible tubing inserted at that angle through tunnels in the upper front 
corner of the main tank, and terminate at reducing bevel-gear drives on the tank, 
which operate the vertical gasoline-pump shafts, at about one-third engine speed. 
These duplicate bevel gears are housed, and the shafts penetrate the tank to 
wells at the bottom m which the vane-type rotary gasoline pumps are located. 
From each gasoline pump upwards there is a suitable pipe" which carries the 
pumped fuel to the four- wav valve. Beneath the pump well is a cap which 
gives access to the tank for drainage purposes. 

The construction of the vane gasoline pumps is shown in Figs. 751 A and 
751 B the latter showing the bevel-gear drive in the housing B on the top of the 
main tank. This bevel gearing actuates a shaft C in a tube 1), which has a 
bearing E midway along the length of the shaft. The shaft terminates at F, 
where it engages a rotating barrel G in the pump housing li, of which the 
power portion I is seated in the well at the bottom of the tank. Housing IT 
has a strainer J which leads to holes K giving entry to the pump pressure 
chamber. Tile rotating barrel G has a slot through it in which are two vanes 
N held apart by a rotating spring M. The parts N work in the eccentrically- 
placed pumping chamber L, and by acting as vanes, drive out all pumped fuel 
through the discharge openings C) to the pressure-discharge pipe I\ 

Around J* are a sliding sleeve and adjustable holding-down spring Q which 
work over the housing and close the holes U through the pipe P. It will he 
noted that the sleeve O seats on a tapered shoulder in which the holes R are 
drilled at an upward angle, so that the gasoline under pressure in the discharge 
tube P tends to lift the sleeve Q off its seat. This tendency is counteracted, 
however, by the outside pressure on the sleeve Q due to the weight of the gaso- 
line in the lank, as well as by the bolding down spring. Tbc amount of pressure 
necessary to raise the relief valve off its seat will therefore vary according to 
the amount of fuel in the main tank at any time. 

The moment the gasoline pressure reaches a set value, such as four pounds 
per square inch for a full tank to \/ 2 pounds per square inch for a low fuel 
head, sleeve Q is raised and the surplus fuel passes out through the relief open- 
ing formed by the passage then available at R. The surplus fuel then returns 
automatically to the supply tank, in which the entire assembly is submerged at 
all times. Gasoline is forced from each pump, under \]/ 2 to four pounds pres- 
sure, through individual gravity- seated check valves to the distributor or four- 
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way valve. The check valves prevent either pump discharging into the opposite 
side of the tank in case of failure of one of the pumps from any cause. 

While this system has advantages and has been modified and modernized 
by the Stewart- Warner interests and others by using tank mounted electrically 
operated pumps, the weight of the pumps and piping is greater than that of 
the systems where the fuel pumps are mounted directly on the engine, which 
is the latest practice. This fuel pump is illustrated to show still another prac- 
tical method of fuel supply in addition to the systems shown in various sec- 
tions of this treatise. 

Fuel System 

Fuel Tanks. — All tanks shall be accessible for removal and repair and 
shall be carefully mounted to prevent damage from shocks, excessive vibra- 
tion and weaving. Tanks must not be located to the rear of any member 
of the crew except in rare circumstances, such as in the case of armor plate 
separating the tank and crew. It should be possible to remove a tank from 
an airplane, which is in flying condition and install a new one complete in 
four hours. Vents of tanks shall be so located that the vapor or fuel which 
might come through them will not be in danger of catching fire or of blow- 
ing into the pilot’s face. It shall be possible to drain tanks completely and 
quickly. An opening corresponding to a J'j-inch pipe thread shall be used for 
tanks up to 100 gallons capacity and Jj-inch pipe thread for tanks of over® 
that capacity. It is desirable to make it possible to attach a hose for drain- 
ing the tank. If a tank is operated by gravity, the head of fuel on the car- 
buretor float chamber shall be such that the engine will operate at full 
throttle when the airplane is at the steepest climb. The auxiliary gravity 
tank capacity shall be sufficient to operate the engine at full power for 20 
to 30 minutes at sea level. The main tank shall have a hopper bottom 
which will allow the water in the fuel to drain through the tank outlet with 
the tail on the ground. The gravity tank shall be so constructed and in- 
stalled that it will drain completely in either the steepest climb or at the 
best gliding angle. 

Leakproof Tanks. — Leakproof tanks shall be provided on all airplanes 
for service use unless the tanks are completely protected by armor. It is 
undesirable, however, to have tanks located in an armored compartment 
or fuselage with the crew, even if leakproof. Leakproof tanks shall not be 
supported by brackets or lugs that are fastened directly to the tank walls. 
The support for these tanks shall consist of a “cradle’' or “saddle” and the 
tanks shall be held firmly in position by straps or bands passing around the 
outside of the tank. The supporting areas of the cradle shall be of such size 
that the pressure on the bearing surfaces will not exceed eight pounds per 
square inch when the tank is full. The weight of leakproof tanks of 40 to 
80 gallons capacity will be about 1 6 pounds per gallon of capacity or an 
average of 4.3 pounds per square foot of wall area. The walls of leakproof 
tanks will in general be from inch to J4 inch thick across the top and 
y 2 inch to inch thick on the sides and bottom. The tanks shall be regular 
in shape, without protuberances, re-entrant angles or sharp corners. 

Crashproof Tanks. — Crashproof tanks shall be installed on all training 
airplanes. The support of the tanks in the airplane shall be as described 



1590 


MODERN AVIATION ENGINES 


for leakproof tanks. The pressure on the hearing surfaces may, however, 
run as high as twelve pounds per square inch in crashproof tanks. The 
weight of a crashproof tank of 40 gallons capacity will he about 1.25 pounds 
per gallon. The walls of crashproof tanks shall average ]/$ to inch in 
thickness. Tanks should he smooth and of regular shape. 

A filler shall he provided on each tank in such position that the tank may 
he filled with the tail on the ground and from outside the airplane. 

Tanks shall he so designed that they will withstand an inside pressure, 
without injury, in accordance with the following formula, with the excep- 
tion that the minimum testing pressure shall be three pounds per square 
inch : 

DF 

P = in which 

4 

P — testing pressure in pounds per square inch. 

D = Depth in feet of tank measured perpendicular to the propeller axis. 

F — Load factor for fuselage static test. 

Plain Tanks. — The material shall he tinned steel made in accordance 
with A. S. Specification No. 10,207. All seams, including those between the 
splash plates and the walls of the tanks, shall he ri\eted and soldered where 
possible. Copper or soft iron rivets shall he used throughout, the exposed 
* parts of the rivets being iinned in case iron rivets are used 

Leakproof Tanks. — Leakproof tanks shall he constructed in accordance 
with A. S. Specifications Nos. 28,3(X) and 16,025. 

Crashproof Tanks. — Crashproof tanks shall he constructed in accordance 
with A. S. Specifications Nos. 28,302 and 16,033. 

Piping and Connections. — The piping used in fuel systems shall be of 
seamless, annealed copper tubing', conforming to A. S. Specification No. 
11,048, the size of which is to he determined by the following considera- 
tions: 

(a) All vents shall he inch O. D. 

(b) Primer tubing shall he '/& inch O. D. 

(c) Carburetor overflow drain lines shall he not less than inch O. D. 
up to 400 horsepower per carburetor. These lines must drain the 
howls in any normal flight position. 

(d) In the main lines when the flow is under 30 gallons per hour, tubing 
should he yfa inch O. D. ; between 30 and 60 gallons per hour, y z inch 
O. D. ; between 60 and 100 gallons per hour, ^ inch O. D. ; and be- 
tween 100 and 150 gallons per hour, ^4 inch O. D. 

(e) Wall thickness shall he inch for J4- and J^-inch tubing, and 
%4 inch for J^-inch, ^4-inch and Jq-inch tubing. .025-inch wall is 
preferable for primer tubing. 

(f) All tubing shall be well cleaned inside just before installation. 

(g) All tubing shall lie so mounted as to prevent vibration and chafing. 
This may be accomplished by proper use of clips. The tubing at 
clips and where touching other parts of the airplane shall be pro- 
tected by tape, or equivalent, suitably applied. 

All joints in fuel lines shall be made according to one or the other of 
the methods shown at Figs. 7 52 and if tube ends are joined by rubber hose, 
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the dimensions shown at Fig. 753 must be adhered to. 

In the case of the union connection, hard silver solder must be used in 
securing the cone to the tubing. Some approved means of locking the nut 
shall be provided. 

Care shall be taken to allow enough straight tubing near a flexible connection 
to permit the hose being slipped along the tube sufficiently to assure the 
easy insertion of the liner. Fuel tubing should never be beaded or flared. 
No tube shall be joined to another by brazing, welding, or soft soldering. 
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Fig. 752. — Various Types of Fuel Pipe Connections Used in Powerplant Installation. 


Strainers— -Unless the tank is provided with an approved water sump, 
the strainer must be so located and piped that it will act as a water sump 
for the tank, with the tail oil the ground. The strainer shall be rigidly 
mounted and sufficient clearance allowed above it to permit the removal of 
the screen. Unless the strainer is incorporated in the carburetor, a suitable 
strainer in the carburetor inlet will be provided. These strainers must be 
readily accessible for cleaning. 

Priming System. — A priming system shall be a part of every fuel sys- 
tem. The priming pump intake lines should be as short as possible and 
connected as shown on the typical fuel system previously described. The 
priming pump shall be so located as not to be under pressure when the en- 
gine is not running. 

Carburetor Air Intakes. — Each carburetor shall be provided with an ex- 
tended air intake pipe through which air can be drawn from outside the 
engine compartment. The outer end of the pipe shall he beveled 30 degrees 
to the propeller axis, sloping forward, the forward end of the bevel being 
about one inch beyond any obstruction to the air flow. The air intake pipe 
shall at no point be of smaller internal area than that provided in the con- 
nection at the carburetor. There shall be no openings whatever in the air 
intake pipe within the engine compartment. The joint between the pipe 
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ami carburetor shall be gasoline tight. 

Exhaust System. — The exhaust pipe or pipes shall be arranged so that 
exhaust gases are carried clear of the crew and do not discharge, directly on 
any part of the airplane where the gasoline overflow could be ignited by 
them. The exhaust manifold shall always be outside of the cowl, never 
within it. if the exhaust manifold is supported by any part of the airplane 
structure, provision shall be made to prevent undue strains due to expan- 
sion. The inside radius of all bends in the exhaust pipe shall not be less 
than twice the diameter of the pipe. A clearance of 2'/ 2 inches at least shall 
be provided between the exhaust manifold and wooden parts of the airplane. 
Near fabric parts, the air space or clearance should never be less than 
inches. In case any wood or fabric parts are located directly behind the 
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Fig. 753. — U. S. Air Service Approved Flexible Fuel Line Joint Between a Female 
Pipe Thread and Copper Tubing. 

exhaust manifold, the clearance shall be increased to five inches. Exhaust 
manifolds which partially muffle the noise of the exhaust are desirable 
but should not be used if the functioning of the engine is in any way im- 
paired. 

Plumbing Troubles. — Commenting editorially on the subject of some 
flight failures that were the result of poor fuel or oil connections and not 
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of the engines themselves. Aviation points out that more attention to details 
of installation such as fuel, oil and water piping is necessary when airplanes 
are designed, commenting as follows: 

“As a continuation of Atlantic flight attempts seems to be inevitable, 
one might as well take advantage of the situation and draw such conclusions 
as may be derived from analyzing the causes for the failure of the flights. 
Courtney’s flight, Francos’ flight and the Polish flight were all three ter- 
minated by what is popularly known as 'plumbing’ trouble. In none of 
the instances cited was there any failure m the engines, but in all three 
cases the engines stopped through failure of the feed lines. The failure of 
Francos' four-engined Dornier plane was the most striking. Apparently 
all four engines quit at so nearly the same tunc that a hasty descent from 
a low altitude had to be made and the plan c was very badly damaged. On 
investigation it was found that the gasoline pumping system had failed and 
apparently c\cn the best of engines will not run without gasoline. It would 
seem as if this should have been realized before and that an independent 
pumping system should ha\o been in operation for each engine. Working 
out a system where each engine is independent of the other, yet at the same 
time can use the gasoline of any other engine is not as simple as it sounds, 
but it certainly can be worked out. 

“In the case of the Polish fliers the oil system failed, but as the plane 
was wrecked it may be bard to ascertain exactly what happened. Appar- 
ently the failure was not in the pumping system but in the piping system, 
as there was an evident and large leakage of oil. In the case of Captain 
Courtney the failure was due to the breaking of the main gasoline feed line. 
Evidently either the material used was faulty, or, what is more likely, it 
was so supported that it was subject to excessive strain and that failure was 
merely a question of time. In either case the danger of running gasoline 
lines through spaces enclosed by cowling and close to the exhaust was 
demonstrated. 

“The arrangement of feed lines is not ail exact science and the stresses 
invoked are not as calculable as those on a wing or crankshaft, but none 
the less, it would seem as if enough experience had been gathered to pre- 
vent so many failures from such causes. Of course, all the planes in ques- 
tion were in a sense experimental and the particular installation had not 
been tested in the tens of thousands of miles of flying which standard types 
run up. It is evident, however, that the arrangement of the feed lines, 
especial!} for the new t} pes of engines which are being brought out, is a 
matter which requires the greatest care, and it should not be left to the 
shop mechanic or even to most plane designers. To the flier the failure of 
a feed line is just as serious as the failure of a crankshaft, and if engine 
manufacturers care about the reputation of their product they should check 
carefully with the plane manufacturer the details of the engine accessories.” 

Causes of Airplane Accidents. — II. C. Dickinson, chief of the Heat and 
Power Division, Bureau of Standards, has described laboratory and service 
tests of engine safety. He enumerated five points wdiich were chief con- 
tributing factors to accidents caused by powerplant failure: Mechanical or 
structural defects in the engine; failure of fuel supply; failure of ignition; 
failure of the lubricating system, and failure of the cooling system. Of 
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these, failure of the fuel supply and ignition are the most prolific of accident, 
with mechanical or structural defect coming second. Secondary causes of 
these accidents, due to a personal aspect, are carburetor control, control 
of engine speed — where pilots drive their own planes at top speed or above 
rated power — and carelessness in the choice of fuels. 

Charles L. Lawrance, president of the Wright Aeronautical Corp., 
speaking on the safety requirements of an aircraft engine and its installa- 
tion, has pointed out that the engine for successful aircraft use must be 
made to meet conditions far from the ideal. Careless mechanics will not oil 
all parts as they should be oiled and pilots may not use the correct grade 
of gasoline or oil. These are factors which enter into the operation of an 
aircraft motor which make it necessary to construct these motors with a 
high factor of safety. Engines must be designed and installed, he said, 
so that they will stand overloading, so that ice will not form in the car- 
buretor under anv conditions and so that all accessories will be easily ac- 
cessible for maintenance purposes. Some of the features which he regards 
as necessary for a good aircraft motor arc oil cleaners, protection of igni- 
tion wires, multiple valve springs, dual ignition and some method of pre- 
venting broken vahes from falling into cylinders. These conditions are 
fully met by the latest designs of aviation engines. 

Tn the two years and a quarter since by Act of Congress an Aeronautics 
Branch was established in the Department of Commerce the number of 
civilian-owned planes has risen from 2,200 to 8,500, and 16,008 original 
examinations for pilots have been certified, 3,088 pilots licensed, 1,050 can- 
didates have made preliminary examinations, and 8,083 have received 
students’ permits. In the exercise of its functions the Aeronautics Branch 
has surve\ ed and lighted approximately 8.000 miles of airways and has a 
program for completing 7.000 more. The total mileage in civilian airways 
is now 14,341 finished or planned, and there are 1,387 airports of all kinds. 
The branch has devised navigation aids, established flying rules, outlined 
standards for planes and equipment, and kept tabs on each flier’s fitness 
for the air. 

In efforts to decrease accidents and increase safety the Aeronautics 
Branch recently established an Accident Board, consisting of two pilots, 
one statistician, one flight surgeon, one aeronautical engineer and one 
lawyer, the intention being to apply specialized knowledge to each phase 
of the problem. The board takes and analyzes an accident for percentage 
of causes. These are treated under four general heads — personnel, ma- 
terial, miscellaneous, undetermined and doubtful. Under pilot (personnel) 
for the period from January 1 to July 1, 1928, there were five classifications 
of error for accidents due to the pilot. These were expressed in per- 
centages: Error of judgment, 8.45; poor technique, 22.95; disobedience of 
orders, 4.95 ; carelessness or negligence, 6.32, and miscellaneous, .62, or a 
total of 43.29 per cent due to errors of pilot. 

Under material, the accidents were classified as due to powerplant, 
structural, handling qualities and instruments. All these are broken down 
to other subheads. Under “powerplant” the board found cases traceable 
in the following percentages: Fuel system, 5.12; cooling system, .57; igni- 
tion system, 4; lubrication system, .13; engine structure, 1.29; propellers 
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and accessories, .44; engine control system, none; miscellaneous, .45; unde- 
termined, 4.59, or a total of 16.59 per cent due to powerplant failures. 
Similarly, under “structural,” the accidents were attributed in percentages 
as follows: Flight control system, .85; movable surfaces, .35; stabilizing 
surfaces, none; wing, struts and bracing, 1.09; undercarriage, 1.64; wheels, 
tires and brakes, .19; pontoons or boat, .03; fuselage, engine mount and 
fittings, .75; tail skid assembly, .19; miscellaneous, .23; undetermined, none, 
or a total of 5.32 per cent due to structural failures. 

Handling qualities were given for .44 per cent of the cases and instru- 
ments none. It was thus found that 22 35 per cent of the causes were fail- 
ures of material. Miscellaneous reasons added 24.13 per cent; and only 6.78 
per cent remained for the “undetermined and doubtful” classification. By 
this method it is possible, according to officials, to trace causes right down 
to magneto points, and hence back to faults of manufacture. Through a 
kindred system of vital statistics it can be ascertained which class of flying 
has the most accidents. For the first six months of 1928 only 34 accidents 
were in schedule flying, 69 in student instruction, 17 in experimental flying 
and 270 miscellaneous. Hearings are required where there have been acci- 
dents in order that the fullest possible information may be obtained. 

Fuel Tanks and Supply Systems. — The problem of gasoline storage and 
method of supplying the carburetor is one that is determined by design of 
the airplane, the desired cruising range and amount of engine power sup- 
plied. While the object of designers should be to supply the fuel to the 
carburetor by as simple means as possible the fuel supply system of some 
airplanes is quite complex. The first point to consider is the location of the 
gasoline tank. This depends upon the amount of fuel needed and the space 
available in the fuselage. The fuel requirements may be estimated from 
the performance curves of the engines used. 

A very simple and compact fuel supply system may be used on training 
planes. In this instance the fuel container is placed immediately back of 
the engine. The carburetor which is carried lower than the engine or tank 
is joined to the tank by a short piece of copper or flexible tubing. This is 
the simplest possible form of fuel supply system as gravity is employed to supply 
the fuel. The fuel tanks may be placed at the sides of the fuselage as in 
the Vought Corsair plane. 

As the sizes of engines increase and the powerplant fuel consumption 
augments it is necessary to use more fuel, and to obtain a satisfactory flying 
radius without frequent landings for filling the fuel tank it is necessary to 
supply large containers, some of which may be carried below the engines. 

When a very powerful powerplant is fitted, as on commercial planes of 
high capacity, it is necessary to carry large quantities of gasoline. In order 
to use a tank of sufficiently large capacity it may be necessary to carry it 
lower than the carburetor. "When installed in this manner it is necessary 
to force fuel out of the tank by air pressure or to pump it out with a hand 
or wind driven suction pump to auxiliary tanks from which the feed may 
be by gravity because the gasoline tank is lower than the carburetor it sup- 
plies and the gasoline cannot flow from the main tank by gravity as in the 
simpler systems. The pump feed systems are generally used in airplanes at 
the present time. 
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Fig. 754. — Typical Fuel Installation Recommended by Fiat Engineers for Use with Aviation Engines of Their Design. 
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The fuel system of the DH4 airplanes previously shown and described 
is typical of installations where fuel is displaced by air pressure from the 
main tank to an auxiliary tank in the center section. Two air pumps are 
used, one driven by the engine, the other by hand. In the type shown the 
main tank is carried back of the forward cockpit, a not entirely desirable 
location which was afterwards changed by putting it immediately back of 
the engine. A special fitting is used by which fuel may be supplied to the 
carburetors from the auxiliary tank or from the main tank. The hand pump 
is used to produce initial pressure on the main tank and fill the auxiliary 
tank by air displacement. Normally, the three-way pump valve is turned 
to the closed position. While in flight, the engine driven air pump supplies 
the air to the main fuel tank. Sometimes fuel is transferred from a main 
tank to auxiliary tanks by air propeller driven fuel pumps supplemented by 
hand pumps. 
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Fig. 755. — The Double Acting Plunger Type Fuel Pump Used in Fiat Fuel Supply 

System. 


The fuel svstem recommended by the engineers of the Fiat company 
of Turin, Italy, is typical of modern practice. The main reservoir is carried 
below the carburetor level as shown at Fig. 754. A feed tank supplies the 
carburetors by gravity if desired and may be filled by the motor driven 
pump or by the hand pump. In event of failure of the motor driven pump, 
the hand pump of the “wobble type” ill draw fuel from the main reservoir 
when the petcock A is opened. The feed tank, carried above the carburetor 
level has an overflow pipe leading to the main reservoir and can only be 
filled to a certain height. All fuel from either the main tank or gravity 
feed tank must pass through the filter before reaching the carburetors. 
The overflow passes through the sight feed gauge glass visible to the pilot 
and indicates when the gravity tank has been filled. A regulator device is 
incorporated in the main pump line as indicated, so a portion of fuel pumped 
in excess of the carburetor requirements passes into the gravity feed tank. 

Fuel Pumps. — The double plunger pump used in the Fiat fuel supply 
system is shown at Fig. 755. This is simple in construction, the plungers 
being worked up and down in the cylinders by an eccentric shaft. The 
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plunger or piston is double acting and two plungers are used. The intake 
checks open on the suction stroke and the discharge checks on the discharge 
stroke. Owing to the number of pulsations in each revolution of the pump, 
fuel delivery should be very regular. The plunger pump used on the May- 
bach 300 horsepower engine to supply the carburetor is shown at Fig. 756 
B. In this the plunger is reciprocated by a crank and Scotch yoke working 
in oil at all times, a special lead supplying the lubricant to the .Scotch yoke 
chamber. C heck valves regulate the fuel flow in and out of the cylinders 



Fig. 756.— Sectional View of Maybach 300 Horsepower Engine Carburetor at A Uses 
an Overflow Chamber to Regulate Fuel Supply Instead of Conventional Float Bowl. 

The Sectional View at B Shows the Gasoline Pump. 

in the usual manner. The carburetor is a type that does not use a float 
chamber, the fuel level being maintained by an overflow pipe which allows 
excess fuel to drain back to the supply tank. A diagram of the Maybach 
carburetor is shown at Fig. 75 6 A. Other forms of fuel supply pumps have 
been devised and several forms have been illustrated and described. These 
include metal bellows and diaphragm types mechanically actuated and dia- 
phragm types electrically or magnetically actuated. Various forms of ec- 
centric vane and gear pumps have also been used and representative 
examples will be found described and illustrated in various portions of this 
treatise. 

AC Fuel Pump. — The AC fuel supply system is of the diaphragm type, 
an external view at Fig. 75b C showing simplicity of the appliance, the 
sectional view at Fig. 756 D showing the internal construction. This dia- 
phragm is composed of several layers of especially treated flexible cloth 
material, which is impervious to gasoline and benzol. Ihis cloth material 
(A) is held between two metal discs (B) and is pushed upward by a pump 
spring (C). In its upward position the diaphragm almost fills the pump 
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chamber (M) so that in its downward movements a very high vacuum is 
obtained, thus assuring high pumping capacity even at low speed. The re- 
peated J4 inch movement of the diaphragm is possible indefinitely without 
injury, due to the extreme flexibility of this material. Further, the extreme 
movement of the diaphragm occurs only when the carburetor is empty. 
When the carburetor is full, this movement is greatly diminished, bejrg 
directly proportional to the amount of gasoline used by the engine. This 
means that in practically all normal driving conditions this diaphragm is 
pulsating in a movement of a few thousandths of an inch. This movement 
is controlled by linkage (F) because when the diaphragm is in the depressed 
position due to sufficient fuel in the carburetor the reciprocal movement of 
the lever (D) will merely cause a movement of the linkage (F) to the right 
as shown by the arrow. 



Fig. 756 C and D.- -Illustrations Showing Construction of AC Diaphragm Pump Fuel 
Supply System for Automotive Engines. 

Following is a description of a complete cycle in the movement of the 
fuel pump. (See Fig. 756 D.) By revolving shaft (G) the eccentric (H) 
will lift rocker arm (D) which is pivoted at (E) and which pulls linkage 
(F) together with diaphragm (A) held between metal discs (B) downward 
against spring pressure (C) thus creating a vacuum in pump chamber (M). 
Fuel from the rear tank will enter at (J) through strainer (K) and suction 
valve (L) into pump chamber (M). On the return stroke, spring pressure 
(C) pushes diaphragm (A) upward forcing fuel from chamber (M) through 
pressure valve (N) and opening (O) into the carburetor. 

When the carburetor bowl is filled the float in the float chamber will 
shut off the inlet needle valve, thus creating a pressure in pump chamber 
(M). This pressure will force diaphragm (A) downward against the spring 
pressure (C) where it will remain m the downward position until the car- 
buretor requires further fuel and the needle valve opens. Spring (P) is 
merely for the purpose of keeping operating lever (D) in constant contact 
with eccentric (H) to eliminate noise. 

The company now has under development a large capacity fuel pump 
made of alloy steel and magnesium, which supplies sufficient fuel for a 500 
horsepower engine and weighs complete less than two pounds. 

Pressure System Has Fire Hazards. — The system of fuel supply involv- 
ing pressure in the supply tanks to transfer the fuel is not favored because 
there is more danger of leakage and a consequently greater fire risk than 
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when there was only atmospheric pressure in a vented tank. Modern air- 
planes depend on engine driven fuel pumps to deliver fuel from the main 
tanks directly to the carburetors in some instances, in others, the mechani- 
cal fuel pumps deliver the gasoline to auxiliary tanks, from which fuel feed 
to carburetors is by gravity. When pressure is carried in the main tank, 
any slight leak around a rivet or in a soldered seam permits more fuel to 
escape than would be the case in a vented tank. During the War and for 
some time afterward, an air pressure system was used to supply fuel to the 
carburetors. A small engine-driven air pump maintained a pressure of 
two to four pounds per square inch on the tanks. Air pressure on the tanks 
constituted a very serious fire hazard in the event of a crash. The large 
tanks must be of very light construction and are therefore fragile. In the 
case of a burst tank, the air pressure caused gasoline and vapors to be 
sprayed around in the debris with almost a certainty of some of it finding 



Fig. 757. — Nose Installation of “Whirlwind” Aviation Engine on Keystone Airplane 
Showing Oil Tank Installation Back of Motor. 

its way to the hot exhaust stacks. At present, it is general practice to lead 
the fuel from the tank through a bypass around a hand pump, which can 
be operated by the pilot in case of necessity, to a very small engine-driven 
fuel pump. This pump delivers the gasoline directly to the carburetors 
at a pressure of from four to five pounds per square iijch. A small spring- 
loaded valve is used to regulate the pressure and the overflow is returned 
to the tank. This overflow should not be returned to the suction side of 
the pump through a regurgitating valve because, at great altitude, the fuel 
becomes highly volatile and many bubbles are formed in the supply line, 
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Fig. 757 A. — Sectional View of a Stromberg Aviation Carburetor Showing the Float and Float Controlled Needle That Maintains a 
Constant Level in the Float Chamber as Indicated by the Dotted Line Marked “Fuel Level.” The Float Rises When the Proper Level 
is Reached and Moves Needle Valve Against the Seat in the Fuel Inlet Chamber. 
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and if returned to the supply air bubbles vould cause the pump to become 
airbound. 

Oil and Fuel Tank Location. — The oil tank should be located immedi- 
ately behind the engine and as close to it as possible. For all ordinary 
purposes a capacity of five gallons is ample for a 200 horsepower engine. 
The oil pipes from tank to engine should be short and direct, avoiding sharp 
bends which offer resistance to the free flow of oil. In case the airplane 
is to be used in extremely cold weather, that is, at temperatures below 
zero Fahrenheit, all oil lines as well as the oil tank should be lagged with 
asbestos sheet covered with doped fabric, thus preventing rapid loss of heat 
and improper engine lubrication through unduly thick oil. It is permissible 
to install the oil tank as high as twenty inches above the crankshaft center, 
since the oil will not drain into the engine when not in operation. The oil 



Fig. 758. — The Supermarine “Southampton” Twin Motor Flying Boat haB Large 
Gravity Feed Fuel Tanks Mounted Below Upper Wing, One Tank for Each Motor. 

Main Fuel Tanks are Carried in Hull. 

tank installation in the Gates-Dav new Standard is shown at Fig. 748 and 
in the Keystone transport at Fig. 757. It is readily accessible in either 
of these locations and will be heated by the warm air passing through the 
radiator in Fig. 748 and from the air-cooled cylinders in Fig. 757. 

The fuel tank can be installed in any convenient location, gravity feed 
to the carburetor being preferred but not required. As an accessory, an 
engine driven fuel pump may be obtained with most engines which feeds 
gasoline to the engine at adjustable pressure. With the airplane tail skid 
on the ground a head of at least twenty inches should be allowed so as to 
assure a steady flow of gasoline to the carburetor under all conditions if a 
gravity tank is used either as a main reservoir or a feed tank. The location 
in the “Supermarine” seaplane is shown at Fig. 758. The gravity tanks 
are mounted under the upper wing, one over each engine and these are 
placed high enough to insure gravity feed to the carburetors. There are 
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two objections to this tank location compared to location in the wings. 
They are hard to fill if used as main reservoirs and offer parasitic resistance. 
The advantage is their accessibility for repairs and the ease with which 
fuel connections can be inspected for leaks. 

Duralumin Fuel Tanks.— When airplanes were first built, light gauge 
tinned copper was employed for fuel tanks, and brass and temeplate were 
also used. The reason for using these materials, despite their great weight, 
was that the tanks were of relatively small capacity and could be easily 
soldered at the joints and seams. As fuel tanks became larger, lighter 
materials were sought as the cuprous and ferrous metals or alloys were 
much too heavy. Duralumin has been successfully employed for fuel tanks 
by the Curtiss Aeroplane and Motor Company and other constructors ; but 
through the discovery of a new plating process, it is possible to solder the 
material instead of welding it as was necessary in the past. 

Inability to solder aluminum satisfactorily forced the use of a welded 
construction on these tanks. This type of construction was extremely 
difficult and expensive, and the appearance of the finished product was not 
highly satisfactory. In addition, service difficulties developed; a sediment 
formed which interfered with the gasoline flow; leaks were frequent, and 
repairs in the field were difficult — in fact, almost impossible. In spite of 
these drawbacks, aluminum tanks have come to be extensively used in air- 
craft, solely because of their great weight advantage. It is interesting to 
note that probably the first aluminum tanks to be used in this country were 
those built by the Curtiss Company and installed in the NC boats, one of 
which, in 1019, made the first flight across the Atlantic, via the Azores. 

Realizing that the ideal type of tank would be one which would combine 
the lightness of the aluminum type with the low cost and excellent service 
features of the brass tank, the Curtiss Company set about to develop such 
a tank, and, after a great deal of research and experimentation, has produced 
a duralumin tank. The special nickel-plating process was developed by 
William J. Travers, of Buffalo, N. Y., and Curtiss is the sole aeronautical 
licensee. Plated duralumin tanks, therefore, can be made by the same 
methods as brass tanks, which means ease and low cost of manufacture. 
They stand up well in service, develop no deposit to interfere with fuel flow, 
and, if damaged, can be repaired easily with an ordinary soldering iron. 
Combined with these advantages is the extremely low weight of the dura- 
lumin. 

The importance of this weight saving can easily be seen when one real- 
izes that on the Curtiss Hawk pursuit plane, for example, a saving of about 
45 pounds has been realized by making the gasoline and oil tanks of dura- 
lumin instead of brass, and this saving would, of course, be increased in 
larger machines. Since the weight carried by the Hawk is pounds per 
horsepower, the saving of 45 pounds means that seven horsepower has been 
released to do useful work in propelling the airplane. Plated duralumin 
tanks have undergone all kinds of service tests for the past two years, and 
have shown up so satisfactorily that all tanks now being made by the Cur- 
tiss Company, including those for the U. S. Army and Navy Hawks and 
the Army Falcons, are of plated duralumin. These tanks are also being 
manufactured by the Curtiss Company for the trade. 
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Various forms of crash-proof and bullet-proof tanks in which double 
walls with some special scaling 1 compound between them, intended to close 
any holes in the tank automatically or tanks provided with special cover- 
ings to do the same work have been experimented with for military air- 
planes but most commercial machines use single walled tanks. Tanks of 
very large bombing planes are sometimes provided with quick opening 
dump valves so the plane can be quickly lightened by discharging main 
tank contents in event of having to make a forced landing due to motor 
failure while heavily loaded. It is not always practical to land a very heavy 
plane with a dead stick without danger of a crash due to landing gear failure 
if the ground surface is not extremely favorable to a smooth landing. In 
multi-motored airplanes, in event of one engine slopping, it may be neces- 
sary to lighten the plane by releasing some of the fuel in order to maintain 
flight under certain conditions. Smaller commercial planes are not pro- 
vided with such \alves. In some types of military airplanes, the fuel tanks 
are so installed that the entire main tank may he dropped from the fuselage 
in an emergency. When land planes are flown over water and a forced 
landing impends, a dump valve is valuable because considerable flotation 
properties may be present in an empty large capacity fuel tank that will 
help keep the airplane afloat, so the tank must be provided with means 
for quickly emptying it. 

Installing Typical Water Cooled Aviation 
Engine — The Curtiss D 12 

Unpacking Curtiss D12 Engine. — Curtiss Model D12 engines are shipped 
from the factor) enclosed completely in substantial boxes. Each engine is 
bolted to two beds or sills mounted on the bottom of the box. To unpack 
the engine, remove the wood screws which hold the eight sheet steel straps 
to the sides of the box, or on some boxes the six bolts holding the three- 
eighths inch steel straps together. The cover of the box and the four sides 
may be lifted vertically from the floor of the box. (See Fig. 759.) The 
tool kit, accessories and other miscellaneous equipment are boxed in a 
separate compartment of the packing case. 

In hoisting the engine from the sills two flexible quarter-inch diameter 
wire cables about eight feet long should he used. These cables should be 
bound with tape or rawhide to protect the engine enamel. The cables should 
be placed around each cylinder block under the exhaust ports and between 
the cylinder head and camshaft driveshaft housings. Be careful to avoid 
having the cables catch on the studs. 

Do not use “dope” solvent, alcohol. mixtures or benzol for cleaning the 
engine as they are paint removers. Avoid wetting the magnetos. Light 
grade Corol compound manufactured by the Simonize Co., Chicago, 111., 
is used for rust prevention on the exterior of the engine. It need not be 
removed when the engine is put into service. 

Installation of Curtiss D12 Engines. — The engine should be well braced 
and the structure should show no undesirable vibration when the engine is 
in operation. Three-eighths inch engine bed bolts should be used. If 
wooden hearers are used they should he metal faced under the engine legs 
or supports to prevent chafing. All legs should rest evenly on the beds 
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before tightening the “hold down” bolts. Washers approximately one and 
one-half inches in diameter by one-eighth inch thick should be used on the 
lower side of the bed to prevent the head of the bolt or the nut from cutting 
into the wood. Nuts should be cottered carefully. Always use a % 2 inch 
steel plain washer between the aluminum leg and the nut. A typical instal- 
lation is shown at Fig. 760. Wiring: — Wiring to the magnetos and hand 
starter should check with Diagram C-4,652 (Fig. 761) for Splitdorf SS-12 
magnetos. 




aw 

* 



Fig. 759. — Shipping Crate Used for Curtiss D12 Aviation Engine. Illustration Also 
Shows Correct Method of Slinging When Transporting Motor. 

Carburetor Controls. — Throttle and mixture controls should open and 
close fully and easily, and there should be sufficient friction on the levers 
in the cockpit to pre\ ent an v changing of the position of the levers in flight 
except by the pilot. A lock should be provided for the throttle to hold the 
lever in the closed position, so that the operator can start the engine alone 
without fear of the airplane running away when wheel “chocks” arc not 
available. 

Fuel System. — It is recommended that all fuel connections between dif- 
ferent units in the installation an Inch might vibrate relative to each other 
be made with a short length of gasoline resisting rubber hose, using a con- 
nection designed to prevent actual contact of the hose with the fuel in the 
pipes as shown at Fig. 753. This method of connection can be used with 
100 per cent benzol without deterioration from the use of this fuel. A flow 
indicator should be used in the overflow line from the reserve tank, if pos- 
sible, to indicate to the pilot whether the gasoline pump is or is not working. 
Drains from the carburetor air scoop should be led outside of the airplane 
fuselage. The gasoline pump should maintain from three to five pounds 
per square inch gauge pressure. The low compression engine (5.3 to 1 
compression ratio) should use domestic aviation gasoline or its equivalent. 
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Use a mixture of 25 per cent benzol and 75 per cent domestic aviation 
gasoline for the high compression engine. 

Cooling System. — All water connections should be made with suitable 
hose clamps and should not be bound with tape under the hose, over the 
hose, or over the hose clamp. Inspect all joints for leakage after the system 
has been filled with water. Great care must be taken to vent the cooling 
system so that air or steam pockets can not form. The header tank should 
be located as high as possible above the engine and the cooling water should 
circulate through it. The discharge into this tank should be located so 
that the water will not surge out of the overflow or vent pipe. Any point 
in the engine which might be higher than the header when in flight should 
be vented by means of a small pipe to this tank, and the outlet of these 
vents should always be the highest point in the system. 

No anti-freeze compounds containing salts or alkali should be used in 
the engine, as they corrode the aluminum water jackets and water pump. 
Alcohol or glycerine are recommended, as shown in the following tabula- 
tion : 

WATER AND DENATURED ALCOHOL ANTI-FREEZING MIXTURE 


% 


Specific 





/ ’olumc 

Bcaume 

( i rarity 





of 

Reading 

of Solution 


Freezing Point of Solution 



Alcohol 


of 60° F. 





10 

12° 

.988 

27 o 

above zero F. or 3° below 

zero 

C. 

20 

13° 

978 

19° 

above zero F. or 7° below 

zero 

C. 

30 

15° 

.908 

10° 

above zero F. or 12° below 

zero 

C. 

40 

16° 

.957 

2° 

above zero F. or 19° below 

zero 

C. 

50 

18° 

.943 

18° 

below zero F. or 28° below 

zero 

C. 


GLYCERINE AND WATER ANTI-FREEZING MIXTURE 


% 


S pei ific 



1 'olumc 

Bcaume 

Gravity 



. °f . 

Reading 

of Solution 


Freezing Point of Solution 

Glycerine 


of 60 ° F. 



10 

4° 

1.029 

29° 

above zero F or 2° below zero C. 

20 

8° 

1.057 

21° 

above zero F. or 6° below zero C. 

30 

11° 

1 085 

12° 

above zero F. or 11° below zero C. 

40 

15° 

1 112 

0° 

above zero F. or 18° below zero C. 

50 

18° 

1.140 

15° 

below zero F. or 26° below zero C. 


Ice crystals start to form at the above temperatures, the solutions freezing solid at 
temperatures about 10° lower. 

Alcohol-water anti-freezing mixtures have probably been most com- 
monly used to date, owing to the fact that alcohol is easily obtainable at 
reasonable cost. The grade used may be either denatured or wood alcohol. 
Alcohol solutions do not have any greater tendency to corrode the metallic 
parts of the system than water alone. However, wood alcohol will often 
contain free acetic acid. It is advisable as a result not to use wood alcohol 
unless it is definitely known to be acid free. Where using alcohol it is im- 
portant to remember that this product will evaporate far more rapidly than 
water. Hence a certain amount must be added as make-up from time to 
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time to keep the concentration of the mixture as desired. For this reason 
it is well to test the specific gravity of the alcohol mixture regularly with 
a hydrometer calibrated for temperature correction, and check the reading 
with the above table. 

Alcohol, however, lowers the boiling point of water to quite an extent 
if used in large amounts. Consequently, it may frequently happen that 
on a comparatively warm day when the engine is ‘‘idled” the solution will 
boil readily and abnormal evaporation will take place, thus raising the 
freezing point of the remaining mixture. To overcome this tendency it is 



Fig. 760. — Installation of Curtiss D12 Engine in Curtiss “Hawk” Airplane. Note also 
Radiator Suspension Below Crankcase. The Motor Mount is of Steel Tubing and is 
a Braced Cantilever Type Typical of Approved Modern Practice. 

often preferred to use a mixture of equal parts of alcohol and glycerine, etc., 
as the anti-freeze component in the cooling water. A special cooling liquid 
known as Prestone has been used successfully and is not so apt to boil away 
as alcohol. 

Propeller. — In mounting the propeller on the tapered end of the crank- 
shaft, extreme care should be exercised. Clean the shaft and the hole in 
the hub. Lubricate the crankshaft, the tapered hole in the hub and the 
threads both in the hub and the nut with cylinder oil. l)o not use graphite 
in any form. Note that with the hub pushed on the taper by hand that there 
is .002 to .004 inch clearance between the hub and shaft at the small end. This 
is done to prevent chattering and seizing at the large end of the taper. The 
hub should not be lapped on the crankshaft taper on the Curtiss D12, 
though this procedure is advised by some other engine builders. 
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Start the attaching- nut about one thread on the crankshaft before start- 
ing- the outside threads on the nut into the hub. After the nut has been 
tightened securely, the fine threads on the outside of the nut should be 
flush with the end of the hub or there should be about two threads project- 
ing. Never have these fine threads screwed below the end of the hub, or 
have more than two threads showing. 

When mounting the “R” type piopellcr with its steel sleeve the locking 
pin must enter the hole. Tighten the nut as tight as possible, using a four 
foot bar inch in diameter. The tighter the hub is put on the shaft the 
easier it will come off later. Clean and oil all threads well before assembly. 
Put in the locking pin and wire it with iron wire around the end of the hub 
in the groove provided. When mounting the propeller on the hub, the 
propeller should be carefully tracked within one-eighth of an inch. All 
nuts are cottcred. 

Lubricating System. — In connecting the oil tank to the engine never 
locate the tank so that the bottom comes more than six inches below- the 
oil pump inlet which is marked “Oil In.” Also do not locate the oil tank 
above the engine. The suction line from the tank should be at least tlree- 
(jiiarters of an inch inside diameter. Figure to have at least tw r o gallons of 
oil left in the tank after the gasoline supply has been exhausted. Also have 
at least tw r o hundred cubic inches of expansion space (e<jui\ alent to slightly 
less than a gallon) in the tank after it has been filled to its full capacity 
The engine often has a quantity of oil left in the oil pan after running and 
this wdll be pumped into the supply tank immediately upon starting the 
engine. Therefore, do not fill the supply tank so full that the expansion space 
is filled after the engine starts. If the tank is filled too full it will be subject 
to pressure because of oil being forced up the vent pipe. The oil is heavy 
and offers considerable resistance to flow. Locate the filler openings so 
that the expansion space cannot be filled with oil. The vent should be 
located in such a position that the oil in the tank will never close it in nor- 
mal flight. This vent should be connected with one-half inch tubing to 
the vent connection on the engine. The vent connection is located on the 
cap on upper end of the vertical driveshaft, or in the propeller end of the 
crankcase. 

The suction line from the tank to the pressure pump should be tapped 
into the knvest point in the tank when the airplane is level. The discharge 
into the tank should be directed or baffled so that no oil can continually pass 
out the vent line since this vent line must be free to take care of air pumped 
into this tank by the scavenging pumps. The best method is to direct the 
return oil against the top of the tank so that the air and oil can separate. 
The oil pressure gauge should be connected to the engine with a one- 
quarter inch annealed copper tube, precaution being made to guard against 
harmful effects of vibration. The oil thermometer should be connected into 
the fitting provided for it on the right hand side of the engine. 

Cooling the lubricating oil by air directly is not satisfactory. Cooling 
the oil with water in the engine cooling system has proven very satisfactory, 
and the success or failure of an installation often depends greatly upon the 
proper cooling of the oil. The use of a cartridge tube oil radiator enclosed 
in a metal water-tight container is recommended. The cooling water from 
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the radiator should pass through this cooler and the oil returning to the tank 
should also pass through the cooler. All water and oil outlets from the cooler 
should be at the topmost points to prevent air trapping. Detailed informa- 
tion on the proper design of an oil cooler for any D12 engine installation 
will be furnished on request by the Curtiss Aeroplane and Motor Com- 
pany, Inc. 

Generator. — The upper end of the vertical driveshaft in the gearcase 
is splined for an Air Corps type E-3 generator. The nut on this vertical 
shaft is pinned to the shaft with a taper pin. This pin should never be 
removed while the engine is in service, since the nut will loosen if the pin 
is not in place. A special locking device for this nut can be procured for 
use with the generator. 



Fig. 761. — Wiring Diagram for Splitdorf Magnetos Used on Some Curtiss D12 
Engines. iTote Connections of “Booster” or Hand Starter Magneto. 

Operation of the Engine — Inspection. — See that the cooling system is 
filled with water and that there are no leaks. The oil tank should contain 
the proper capacity of oil as recommended. The gasoline tank should be 
filled with domestic aviation gasoline or the proper fuel as stated in the 
specifications of the engine. If the engine has been in storage or idle for 
a considerable period, about a tablespoonful of cylinder oil should be in- 
jected into each cylinder and the engine turned over several times before 
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starting, to lubricate the cylinder walls. Turn the shaft over at least twenty 
times. Have the throttle wide open and have no fuel in the carburetor. 

Controls. — Set the spark lever about two-thirds from the retard position, 
for all except hand starting. For hand starting have the spark full retard. 
The mixture control should be full rich, and the throttle closed tightly. 

Starting. — With the controls set as above, crank the engine at least two 
full revolutions, or in cold weather until the engine turns freely, open the 
throttle about one-tenth of its full travel, pull the engine over one cylinder, 
put ignition switch in the “both” position and operate the starting or hand 
magneto instantly. Any delay in operating the hand cranking magneto 
wfill allow compression to leak and make the starting harder. When the 
engine starts advance the spark immediately, and when using the hand 
starter with geared starting magneto attached, continue turning the crank 
handle until the engine runs steadily. With inertia starters be sure every- 
one and everything is clear of the propeller, before the ignition switch is 
put in the “both” position. Trip the starter mechanism. If the starter 
slows down too much before the engine starts put the switch in the “OFF” 
position. 

Gas mixture can only be draw n into the cylinders for starting w hen the 
throttle is closed as stated above. A feeble, soft explosion indicates a rich 
mixture which should be pumped out of the engine by turning the propeller 
backwards w ith the switch “OFF” and the throttle wdde open. 

Over priming or too much cranking is the cause of poor starting in most 
cases. Too much cranking when the engine is hot will invariably fill the 
cylinders with a mixture too rich for starting. One turn of the propeller 
when the engine is hot is sufficient for starting with the booster. If an 
inertia or hand starter is used open the throttle slightly before engaging 
the starter. Re sure the ignition is on. If the engine does not start the 
first time, clean out the rich mixture by rotating the propeller backwards 
before attempting another start. Do not attempt to start whth the ignition 
retarded fully. Start with the ignition partly retarded or advanced fully. 
Continued priming or cranking results in poor compression owing to the 
cylinder walls having been washed by gasoline. Poor compression from 
this cause can be cured by the injection of hot oil in a small quantity in 
each cylinder through the sparkplug hole. Too much priming is liable to 
cause scored pistons or cylinders. 

Observations at Start. — The oil pressure should be noted immediately 
to determine whether or not the oil pump is functioning. If there is no oil 
pressure after fifteen seconds, stop the engine and find out why there is 
none. Remedy the trouble. ^ 

The outlet water temperature should not exceed 180 degrees Fahrenheit, 
with 160 degrees Fahrenheit, desired operating temperature. The operating 
inlet oil temperature should never exceed 150 degrees Fahrenheit, and 140 
degrees Fahrenheit is desired. At 1,800 r.p.m. the oil pressure should be 
about 100 pounds per square inch, and the gasoline pressure should be from 
two to four pounds per square inch gauge. After the engine is warmed 
up and all parts are functioning properly the throttle should be opened wide 
for about one minute before taxiing to take-off. 
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Oil Pressure Regulation. — Never change the oil pressure until it has 
been checked carefully with the engine warmed up thoroughly. The pres- 
sure can be altered by varying the thickness of the washers on the relief 
valve. The oil pressure is set correctly when the engine leaves the factory 
and should require no readjusting. An improperly designed oiling system 
in an airplane, or a broken line will cause variation in the pressure and these 
facts must be considered carefully before regulating the pressure. The 
pressure gauge should be checked for accuracy. A dirty oil screen in the 
engine will cause a marked drop in the oil pressure, usually after about thirty 
hours of engine operation. Therefore, keep all suction lines clean, short, 
large diameter and the oil screen clean. 

CARBURETOR SETTING FOR STROM BERG CARBURETORS 
FOR LOW AND HIGH COMPRESSION D12 ENGINES 



NA-Y5D 

NA-Y5F 

Venturi 

ur 

D4" 

Main metering jet 

Nr) 46 

No. 44'/i 

Mam air bleed 

No. 49 

No 49 

Upper well bore 

Lower well bore, with pulsation control 

iV # 

7 ft 

:i js 

nozzle 

No 29 

No. 29 

Upper row well holes 

4 — No. 50 

4— No. 50 

Lower row well holes 

8— No 44 

8— No. 44 

Idle metering jet 

No. hi 

No. 61 

Tdle air bleed 

Idle discharge jet 

No. 47 

No. 48 

No 47 

Mixture control suction jet 

No. 40 

No. 48 

Discharge nozzle holes 

Mixture control valve closes on 

ft- -No. 26 

No 60 drill 

No. 40 

F'loat level — below parting surface .... 
Float needle seat 

'/h 

%" 

No. 9 


Magneto Timing : 

Low Compression. — Intake Magneto Fires Full Advance B.T C. 3 2° 
Exhaust Magneto Fires Full Advance BT C. 3ft ° 
High Compression. — Intake Magneto Fires Full Advance B.T C. 33° 
Exhaust Magneto Fires l r ull Advance B.T.C. 38° 


Care of D12 Engine. — A general surface inspection should be made after 
each flight and the engine prepared for immediate flight. It is not necessary 
to remove sparkplugs unless the action in operation indicates that there is 
a defective plug. 

During cold weather the water should immediately he drained from the 
engine if it is to be idle long enough to freeze unless the proper anti-freeze 
solutions are used. 

Check the magneto breaker points, valve clearances, and all outside 
nuts, holts and connections after each 25 hours of flight service. Change 
the oil in the lubricating system. 

An overhaul is recommended after 200 hours of flight service. (See 
special Chapter 37 on Curtiss 1)12 Engines.) 

After an overhaul run the engine “in” slowly, starting at 600 r.p.m. 
Use a mixture of 80 per cent gasoline and 20 per cent benzol for fuel for 
low compression and 75 per cent gasoline and 25 per cent benzol for high 
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compression engines. Always use new oil of a grade recommended for use 
in the engine. 

Lei the engine idle until the oil and water are warm and then increase 
the speed by steps of 100 r.p.m. every fifteen minutes. For a test propeller 
that allows the engine to run 2,300 r.p.m , with the throttle wide open this 
procedure should be followed up to and including 1,700 r.p.m. Then open 
the throttle to a point where the propeller is turning at 95 per cent of its 
rated speed. Run the engine at this speed for at least one-half an hour and 
preferably one hour before fully opening the throttle. Run at full throttle 
for only a few' minutes and then throttle the engine down slowly and let it 



Fig. 762. — Spark and Throttle Hook Up of Packard X Engine Provides for Simul- 
taneous Control of Ignition and Carburetion. 

idle for about ten minutes. Shut off the fuel supply and let the engine 
stop of its own accord. This approximates the “running in” procedure car- 
ried out at the factory. l»e alert at all times for indications of trouble. 
Shut the engine down quickly at any indication of trouble and investigate. 

For propellers that do not allow the engine to run at its rated speed start 
running at 600 r.p.m., and increase by increments of 100 r.p.m. every fifteen 
minutes until the propeller is turning at about 75 per cent of what it is sup- 
posed to turn with the throttle wide open. Then increase the throttle open- 
ing until the speed is 95 per cent of the speed the propeller is supposed to 
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run. Run at this position one-half to one hour before fully opening- the 
throttle. After a few minutes at full throttle slow the engine down care- 
fully and let it idle for a time, then shut off the fuel supply and allow the 
engine to stop of its own accord. Shut the ignition switch “OFF” after 
the engine stops. 

Cleaning of Oil Screens. — The oil screen under the plate marked “OIL 
IN” should be removed every 25 hours of engine operation and thoroughly 
cleaned. The oil screens for the scavenging system should be cleaned and 
inspected every time the oil pan or oil pump assemblies are removed. 

Storage. — If the engine is to be stored, or is to be shipped a long dis- 
tance all external steel parts should be sprayed w\lh Corol compound light 
grade or similar anti-rust compound. The oil pan should be removed if 
possible and all internal parts coated (preferably 1>\ spraying) with the 
compound. Re-assemble the oil pan and lock up all screws and nuts that 



Fig. 763. — Consolidated Instrument Company of America Fuel Filter at Left and 
Engine Control Lever Assembly at Right of Illustration. 

should he. Remove the exhaust sparkplugs and spray compound in the 
cylinders Replace the sparkplugs. Be sure the propeller shaft (and its 
threads) has a heavy coating of compound or grease. If anti-rust com- 
pound is not available put about a teaspoonful of cylinder oil in each cyl- 
inder and turn the crankshaft 25 or 30 times to spread the oil over the 
cylinder walls. 

Details of Engine Control. — The diagram of the spark and throttle 
hook-up shown in Fig. 7()2 represents a special Packard development in- 
tended to simplify the duties of a racing pilot, but the result has been so 
satisfactory that it is worthy of more general adoption in commercial air- 
planes as far as the interconnection of spark and throttle is concerned. 

Regarding the function and uses of each of the three engine-controls 
commonly used with an aircraft engine, the spark-advance control normally 
is used for starting and for especially slow idling. At all other times the 
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spark control is left in the fully advanced position. The throttle control is 
used to vary the speed of the engine, and the mixture control normally is 
required only for leaning the mixture at altitude. 

In a racing airplane which flies low there is no need for mixture control, 
and this leaves only the spark and the throttle controls to be dealt with. 
One advantage of battery ignition, with which the Packard X-type engine 
is equipped, is that a considerable range of spark advance and spark re- 
tardation can be secured, which is not true of magneto ignition. This range 
proves to be of particular value in idling the engine down to very low speed 
while still maintaining sufficient velocity through the carburetors to elimi- 
nate the possibility of choking the engine. This very slow idling is highly 
desirable when landing. The leverage arrangement is simple for moving the 
controls simultaneously in accordance with some such curve as is shown 



Fig. 764. — Midship Section of Fuselage of Vought “Corsair” Airplane Showing Oil 
Tank Installation and Location of Engine Control Levers Relative to Pilot’s Seat. 

in the left middle portion of Fig. 762. It will be observed that, for starting, 
the throttles are closed and the spark fully retarded. Once the engine is 
started, it is desirable to advance the spark somewhat before opening the 
throttles to prevent the engine from “spitting back.” Further acceleration 
of the engine up to cruising speeds is obtained by operating both the spark 
and the throttle controls simultaneously so that, at cruising speed, the spark 
is fully advanced although the throttle is only partly open. From cruising 
speed to top speed, the engine speed is controlled solely by the carburetor 
throttles. 

The method by which this desirable control is effected is clearly shown 
in the diagram. No cams or springs are employed in the hook-up, the result 
being achieved merely by locating the various levers on their shafts in the 
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best location to suit the requirements. For example, the throttle connect- 
ing rod practically passes over center when first opened, and a similar tog- 
gle action is secured with the spark-control rod as soon as the spark is fully 
advanced. This results in obtaining automatically the best response of the 
engine as the need arises, with only one engine-control lever for the pilot 
to manipulate. 

In commercial airplanes, and in the usual military types, separate con- 
trol of the spark, throttle and mixture is necessary so the assembly shown 
at the right of Fig. 7 63 built by the Consolidated Instrument Company of 
America, Inc., is a standard installation on most airplanes. The illustration 
at Fig. 764 shows the mid-section of a Vought Corsair airplane and shows 
the location of the engine control assembly very clearly. Connections are 
made from spark and throttle and mixture control levers to the elements 
on the engine auxiliaries by push anti pull rods of light tubing. The instru- 
ment board carried above the fuselage and immediately in front of the 
pilot’s seat serves as a mounting for the various engine recording instru- 
ments. The hand wheel conveniently placed near the pilot’s seat is used 
to vary the angle of incidence of the tail stabilizer. The oil tank is placed 
back of the bulkhead between the pilot’s compartment and the motor. 
Various details of the airplane control, such as the stick and the rudder 
operating pedals as well as the steel fuselage construction can also be 
studied from this illustration. While every effort is made to have important 
engine controls as direct and positive as possible, sometimes the engine 
location is such that flexible wire is necessary. Where control direction 
must be changed around a corner the use of Ahrens controls is much more 
practical than using bell cranks because there is no lost motion in this type 
of fitting. 

QUESTIONS FOR REVIEW 

1. What is the value of inverted engines? 

2. What is the usual form of wattr-cooled engine mounting? 

3. What materials are used for engine mounts? 

4. Why is a cantilever tubing mounting used? 

5. What is the effect of radiator placing on resistance' 

6 Outline some precautions in installing water-cooling systems. 

7. Name common methods of radiator temperature control. 

8. Give principal rules for engine mounting. 

0. llow big must a lubricating oil tank be? 

10. Name usual fuel tank locations. 
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AIR-COOLED ENGINE INSTALLATION 

Installing Air-Cooled Engines — Nose Motor Installation Easy — Outboard or Wing 
Motor Installation — Requirements of Engine Mount — Disposition of Exhaust Im- 
portant — Cowling for Weather Extremes a Problem — Difficulties Presented by 
Exhaust Manifolds — Carburetor Stove for Zero Temperature — Installing Fairchild- 
Caminez Engines — Mounting the Engine — Lubrication System — Magneto Wiring 
— Spark Control Lever — Tachometer Drive Connection — Engine Starter — Pro- 
peller — Installation of Wright Whirlwind Engine in the Airplane — Unpacking and 
Cleaning — Lubrication System — Cowling — Fuel System — Magneto Wiring — Car- 
buretors for Whirlwind — Starter — Mounting the Propeller — Instructions for Start- 
ing and Normal Operation, Wright Whirlwind — Starting — Ground Test — Flight — 
Landing — Fuels — Oil — Unpacking and Cleaning Wright Cyclone Engines — Fuel 
and Oil Lines — Cyclone Lubrication System — Fuel System of Cyclone Engine — 
Carburetor Air Heater — Magneto Wiring — Miscellaneous Connections. 

Installing Air-Cooled Engines.- The installation and cowling of the air- 
cooled radial engine is an important feature and lias a direct bearing on 
the satisfactory operation of the powerplant considered as a whole. No 
general rules covering all conditions can be laid down, although experience 
has proven certain general principles as satisfactory. The metal fuselage 
structure is now almost universally used in modern military and commercial 
aircraft. In the same way, the metallic engine mount is considered the best 
practice and gives an almost ideal structure for the radial air-cooled engine, 
since ample accessibility is obtained for accessory adjustments behind the 
engine, and suitable bearing supports are available for the oil tank, starter- 
handle, gasoline strainer and other accessories. 

Either a Hanged plate, or a circular bent tube engine mounting ring is 
good practice. In case the latter is used, the engine holts can he held by 
suitable clips welded to the ring, or by running them directly through the 
ring tubing, after properly supporting the tube section by a short welded-in 
tube whose inner diameter is slightly larger than the engine bolt. This 
short tube prevents crushing the ring section. The engine mount of the 
Vouglit Corsair airplane shown at Fig. 765 is typical of good practice. It 
is made to support the Pratt & Whitney Wasp engine* and its installation to the 
front of the fuselage shown at Fig. 764 is clearly outlined in Fig 766. 

Either tubing or formed sheet bracing to the mounting ring is permis- 
sible. In either case the mounting ring braces from the longerons should 
be so placed as to form a series of triangles, one in each plane of the 
fuselage. If the tubing mount is used, the brace tubes in each of the four 
fuselage planes should meet at a point on the mounting ring. In case inter- 
ference with the carburetor is encountered in the bottom fuselage plane, 
it is permissible to spread the brace tubes in that plane a distance of several 
inches. Cowling is desirable on all engines except those in use in tropical 
climates. Not only docs it improve the airplane performance by better 
streamline, but it protects the engine crankcase from over-cooling, which 
tends to congeal the oil. It is impossible to set forth any rigid rules for 

1616 



AIR-COOLED MOTOR MOUNTING 


1017 


cowling an engine since the individual requirements of various airplane 
designs are different. In general, it is desirable to allow for a blast of air 
on the cylinder barrels as well as on the cylinder head, but since there are 
several different ways of making such an installation, engine builders 
strongly advise designers to draw up their own ideas of cowling and cowl 
lines and submit them to their Plane Engineering Department for com- 
ments and suggestions. 


/ \ 



Fig. 765. — This Simple and Light Engine Mount is Strong Enough to Support the 
“Wasp” Engine Used on Vought “Corsair” Airplanes. It is Made of Alloy Steel 
Tubes Welded to an Alloy Steel Flanged Ring as Shown. 

Nose Motor Installation Easy. — The Pratt & Whitney Wasp engine 
construction lends itself readily to assembly on a simple frame because the 
engine may be divided into units which greatly facilitate installation and 
assembly or disassembly after installation. The rear sections, of which 
there are two, the blower and rear, form an assembly by themselves. This 
makes it possible to divide the engine into two units for assembly as well 
as service work, the power end consisting of the main case and nose, the 
shaft, rod, pistons, cylinders and valve gear, and the accessory end, includ- 
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ing the mounting supercharger and gearing, and all accessories and their 
drives. Should occasion arise, the ‘‘power end” can be removed from an 
airplane and another substituted without disturbing the “accessory end.” 
This is possible because the engine is supported on the blower section, and 
the support is arranged as nearly on the center of gravity of the engine, and 
as far removed from the crankshaft as possible. The weight of a simple 
engine mount, such as shown at Figs. 765 and 766, made up of alloy tubing 



Fig. 766. — Installation of “Wasp” Radial Air-Cooled Engine in Vought “Corsair” 
Plane is Easily Accomplished by Using the Fuselage Front End Construction Shown 
Above. Note Simple Attachment of Engine Mount to Front Bulkhead or Fire Wall 

of Fuselage. 

is very small, yet it is extremely strong. It is designed for quick attachment 
to the fuselage, four bolts being used, one at the apex of each triangular 
leg. These are secured to fittings projecting through the fuselage bulkhead 
as shown at Fig. 766. 

Outboard or Wing Motor Installation. — When radial cylinder air- 
cooled engines are carried outboard, instead of being attached to the fuse- 
lage nose, as in the two-motor Sikorsky S38 amphibian shown at Fig. 767 
or in the Ford and Fokker trimotor, a more elaborate construction is neces- 
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sary as shown at Fig. 768, which shows an outboard mounting of a Wasp 
motor in a Fokker monoplane. It will be evident that a separate frame- 
work. built up of steel tubing is necessary to carry the motor. This corre- 
sponds in general construction to a very short fuselage and usually carries 
the oil tank in the streamlined tail. .Part of the cowling is removed to 
show how the various engine accessories may be reached. The oil tank 
location and nacelle or engine framework supporting braces are clearly 
shown. These are streamline section tubes extending from the front main 
wing spar to the front of the engine supporting frame and from the rear 
main wing spar to the midship section of the nacelle frame. The reader’s 
attention is also directed to the method of connecting the exhaust outlets 
of the cylinders to the exhaust ring and the long exhaust outlet stack at 
the side of the nacelle which provides silencing action with minimum back 
pressure. 



Fig. 767. — Method of Installing Pratt & Whitney “Wasp” Motors on Sikorsky S38 
Amphibian in Special Motor Nacelles Between Wings. 


Requirements of Engine Mount. — Captain Robert W. A. Brewer, a 
member of the S. A. E. and an aeronautical engineer of note with much 
experience on powerplant design and installation, recently published some 
observations on radial air-cooled engine installations in Aimition that should 
be of interest to the reader. lie wrote, in part, as follows: 

“In arranging the installation of an air-cooled engine, proper means 
must be provided for getting rid of hot air readily. 

As the type of engine under discussion has so much in its favor with 
regard to cost of production, ease of overhaul, accessibility, etc., none of 
these advantages should be minimized by fitting an unsuitable mount and 
every consideration should be given to this aspect of the subject. There 
is, at present, no standardized method of mounting. Similar airplanes use 
different mounts and because the possible adaptations are so wide, we 
cannot, at this period, set up a standard, and must be content with certain 
points for guidance. 

The engine maker requires that: — 

(1) The mount should be light and strong enough to support the engine 
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without suffering from serious deflection under working conditions. 
It should be properly braced in all bays. 

(2) It must be rigid in itself to withstand the torque variations in the 
engine and any periodic vibrations in the mounting must not syn- 
chronize with any that the engine may have throughout its working 
range of speed. 

(3) The mounting must not set up stresses in the crankcase or in the 
ends of the fuselage. If attached by pins to the fuselage, *the pins 
should have very ample bearing surfaces and preferably be tapered 
and ground. 



Fig. 768. — Method of Mounting Motor and Supporting Powerplant Nacelle Under 
Wing of Fokker Trimotor Monoplane. Note Use of Tubing and Method of Stream- 
lining by Sheet Metal Cowling. Illustration Also Shows Method of Exhaust Gas 

Manifolding. 

(4) A spigot mounting plate, if used, should be true and a good fit. 

(5) There should be no interference with the accessibility of those parts 
or details which are likely to require attention periodically. The 
complete removal as a whole, of the engine and mounting or engine 
only, should be readily possible. This should only necessitate the 
disconnection of a few oil, gasoline lines, and the tachometer drive.” 

The Wright “Whirlwind” motor and motor mount shown at Fig. 769 in- 
dicates how this assembly may be removed from the fuselage of a Travel 
Air plane and all minor connections and instrument board come off with 
the motor and mounting ring. This is the form where a tubular section 
ring is welded to triangular leg members, the ring diameter being equal 
to the engine supporting bolt circle. Attention is also directed to the ex- 
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haust ring used in this installation and accessibility of the rear of the 
engine. In some arrangements the mounting ring is removable with the 
engine as shown at Fig. 76 9, while in others the ring forms part of the 
structure and the engine is removable from it. The swinging form of 



Fig. 769. — Wright “Whirlwind” Motor and Motor Mount of Travel Air Plane Show- 
ing Use of Tubing for Engine Mounting Ring. Note Exhaust Manifolding and 
Instrument Board Mounting. Illustration also Shows Method of Slinging Engine 
and Mount Unit for Transporting to Fuselage. 

front mount is sometimes employed and, although it has not come gen- 
erally in favor, it shows possibilities. The method of mounting a radial 
engine outboard is shown at Fig. 768 which also shows cowling and 
streamlining. 

When a radial engine is used as a replacement on a plane designed 
originally for a straight-line engine, the required center of gravity position 
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of the plane automatically calls for a considerable space between the rear 
of the engine and the fire bulkhead. We are thus led to the question of 
a suitable cowling. Generally, with radials as designed at this time, the 
forward part of the cowling can be a more or less permanent structure, 
as the position of the major accessories is usually at the rear. Many radials 



Fig. 769A. — Views Showing the Isotta Fraschini ASSO 450 CA Engine. This Air- 
Cooled Twelve-Cylinder Vee Type Delivers its Maximum Power at 2,250 R.P.M. and is 
Designed for Installation in Fighting Planes. 

are designed so that the front cover plate gives a good entrant form and 
scarcely requires a fairing. When this is so, oil-cooling by the slipstream 
can be taken advantage of. The rear part of the cowling must have easily 
removable panels between the engine mounting proper and the fire bulk- 
head. These should have proper stillness and be so designed that local 
stresses are not set up as such would cause fracture due to vibration. The 
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Curtiss Challenger engine mounting shown at Fig. 770 shows modern 
cowling practice. Generally, this part of the cowling must, in the first in- 
stance, be made on the job. The design of proper catches or fasteners 
leaves much scope for the designer. They should be readily detachable and 
preferably be some form of safety catch which will slay in place and which 
can be sunk into suitable depressions in the plates. As to the extent of the 
cowling and the amount by which it should cover the cooling fins on the 
engine, much depends upon the kind of general service which the plane 
will have to fill. Where much ground work and taxiing has to be done, 
Mr. Brewer believes that the maximum air accessibility is desirable and the engine 



Fig. 770. — Method of Installing and Cowling the Curtiss “Challenger” Air-Cooled 
Motor in Curtiss-Robin Cabin Monoplane. 


may be entirely without cowling. Some engines are too much cooled, so that al- 
most complete cowling has been resorted to. There is an intermediate, and very 
successful system where helmet cowls are provided for the individual cylinders. 
They have small front vizors and proper outlets at the rear. It is quite 
feasible to carry out some scheme such as this not only for individual cyl- 
inders but for the engine as a whole. 

Disposition of Exhaust Important. — Combined with the matter of cowl- 
ing, the handling of the exhaust is very important. There are tw r o main 
considerations here, — nuisance from the noise and prevention of fire. It is 
apparently a moot point whether the provision of an exhaust ring manifold 
does or does not diminish fire risk. However, in Captain Brewer's opinion, 
much depends upon how the stack pipes leave the engine. Certainly the 
further they are from the carburetor inlet the better, as flame from the ex- 
haust is very readily drawn into the carburetor inlet if it comes at all near 
to it. 
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Short stack pipes must be a nuisance to the pilot, particularly in the 
dusk, and modern progress calls for some form of silencing the noise espe- 
cially on planes intended for passenger transport. Probably the best place 
for a ring manifold is in front of the engine and as near to the center as 
conditions will permit. The design of a suitable system has been full of 
difficulty and Mr. Roy Redden, designer of the Bristol Jupiter engine, 
tabulates some factors to be considered in this connection. 

(1) Light weight and the lowest drag possible. 

(2) The system must be of sufficient volume not to cause back pressure 
and damage to the valves. 



Fig. 771. — Motor Installation to Front End of Fokker Fuselage Showing Motor 
Cowling and Exhaust Collector Ring. Note Three Blade Standard Steel Propeller. 

(3) There must be no sharp bends and the gases must not play directly 
upon any part of the expansion chamber. 

(4) The pipes from the individual cylinders leading to the main cham- 
ber must be provided with flexible joints to allow for expansion of 
the cylinder heads. 

(5) Welding to be used as little as possible and if necessary, riveting 
should be used as well. 

(6) The system, as a whole, must be sufficiently rigid to withstand any 
serious distortion and robust enough for long service. 

(7) The design must be such that it can be produced economically by 
press tools and jigs. 

(8) The material must be such that it will resist corrosion. 
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The general conclusions seem to point to the fact that the exhaust outlet 
from the engine should be at the side of the cylinder, as from this location 
the stub pipes can be led forward or back. Proper air cooling of the valve 
seats can be had, which is more difficult where the pipes lead out directly 
forward from the cylinder block. Outlets from the exhaust ring can con- 
veniently be two in number, — one on either side near the bottom. By this 
arrangement the gas can be led away from the carburetor and follow the 
lines of the fuselage. An interesting study of a practical method of leading 
away the exhaust gas is that used in the Fokker outboard motor mounting 
shown at Fig. 768. Here we find a combination manifold consisting of cast 



Fig. 772. — Nose Cowling When Propeller Spinner is Employed for Wright “Cyclone” 

Engine. 

elbows at the cylinder heads with cast junction fittings, these being joined 
together with flexible exhaust tubing, the assembly terminating into a long 
exhaust discharge pipe carried at the side of the nacelle. Not only are the 
exhaust gases effectively disposed of and fire risk greatly reduced but a 
pronounced silencing effect is obtained with minimum back pressure. 

The disposition of the exhaust gases in the Challenger-Robin installation 
is shown at Fig. 770, but in this, the exhaust ring is carried inside the cowl- 
ing, which some authorities, especially the U. S. Air Service engineers, do 
not agree with. The exhaust pipes, of which there are two, are siamesed into 
a muffler appliance carried beneath the cabin. Slip joints are provided be- 
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tween the cylinder exhaust outlet ports and the manifold pipes, each of 
which serves three cylinders. Housing in the exhaust ring reduces the 
parasitic resistance and if the heat can be effectively disposed of, which 
may be possible by using a large cross sectional area and having the mani- 
fold receive some of the air blast through the shuttered openings at the front of 
the cowling, the neater arrangement may have much in its favor. The mounting 
of the nose motor on the Fokker trimotor is shown at Fig. 771 . This also shows 
the method of disposing of the exhaust gas by flexible metallic hose connec- 
tions interposed between the cylinder outlets and the exhaust ring. The 
general construction is clearly shown in the illustration. 
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Fig. 773. — Nose Cowling for Use Without Spinner Recommended for “Cyclone 

Engine. 

Two methods of cowling have been recommended by the Wright Aero- 
nautical Corporation for the Cyclone engine. That shown at Fig. 772 is 
the type where a propeller spinner is used. Adjustable hooded orifice 
louvers arc placed just back of the spinner, facing the air stream. Outlet 
louvers, facing the pilot, are placed in the cowling between the fire wall or 
bulkhead and the engine to permit exhaust of heated air. The alternative 
means of ventilating the motor section immediately back of the air screw 
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by nose cowling when no spinner is used is shown at Fig. 17 3. Details are 
clearly shown on the drawings. 

Cowling for Weather Extremes a Problem. — A big problem that pre- 
sented itself for solution in designing the Hoeing mail plane as stated by 
Charles N. Monteith, Chief Engineer of the Boeing Airplane Company, 
Seattle, Wash., was that of cowling for the air-cooled engine; a cowling 
which would streamline the ragged outline engine as much as possible and 
at the same time interfere as little as possible with proper cooling. A study 



Fig. 773A. — Cowling Developed by National Advisory Committee for Aeronautics 
Applied to Curtiss AT5 Plane with ‘‘Whirlwind’* Engine Provides Good Cooling 

with Greatly Reduced Drag. * 


of European airplanes, in which the air-cooled engine has been used for 
some time, gave little help, because the range of cowling designs varied 
from the one extreme, such as enclosing the engine completely and placing 
the “crusader” hoods over the cylinder heads, to the other extreme of leav- 
ing the engine completely exposed and carrying the cowling down to the 
mounting plate behind the engine. For the Boeing mail plane, it was de- 
cided to adopt the type of cowling used on the Navy X-F3B, a single-seater 
fighter built by the Boeing Company. It was felt that, as the first few 
months of operation would be in hot weather, this type of cowling would 
serve and give time to develop a different type for use in winter. It was 
found, however, that even the cowling installed was too complete for opera- 
tion in the hot season, in particular between Cheyenne and Chicago, and 
it was necessary to remove the circular nose-piece and, in some cases, the 
pieces between the cylinders. The use of a very heavy oil in the engine 
was also found necessary. A set of experimental cowling which was carried 
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ing to Permit Entrance of Cooling Air Blast Around Cylinders. 
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to the engine mounting ring, thus leaving the engine entirely exposed, was 
found to be no better for cooling than the original set without the nose- 
piece, and to give a decrease in speed as well. 

The cowling illustrated in Fig. 774 has been developed for cold-weather 
flying, and preliminary tests indicate that the oil temperature can be raised 
at least ten degrees by closing the shutters. It is possible also to keep the 
oil at a fairly constant temperature for long periods with the engine throt- 
tled. The nose plate is rigid, and a second plate mounted inside of it can 
be moved by a small control operated from the pilot’s cockpit. The nine 
louvers, one in front of each cylinder and of as large a size as the installa- 
tion will permit, can be closed or opened as becomes necessary. It is hoped 



Fig. 774. — Cowling with Adjustable Louvers for Cold Weather. 

that this cowling, combined with the air-intake heater, will solve the prob- 
lem of operation in cold weather, but, until tests under actual service con- 
ditions are obtained, no definite conclusions can be drawn as to the value 
of the device. It was found by actual runs over a speed course that this 
cowl decreased the speed of the airplane approximately 1.3 miles per hour. 

Complete Enclosure Most Efficient. — Development of a new form of 
cowling for radial air-cooled engines which is said to add more than 30 
per cent to the effective horsepower of airplanes in flight was announced 
recently by the National Advisory Committee for Aeronautics. This 
accomplishment is regarded by Dr. Joseph S. Ames, Provost of Johns Hop- 
kins University and Chairman of the committee, together with other mem- 
bers, including the experts representing the army and navy, as the most 
valuable single contribution to airplane efficiency since the war. Costing- 
only about $25 if installed as standard equipment on a plane at the factory, 
its total cash value to the industry and the public is described by those 
familiar with the problems of aviation as incalculable. Figured in terms of 
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horsepower required to produce the increased speed it allows, they estimate 
that it represents a minimum of $1,500 a plane. By making it possible, in 
the case of a 200 horsepower engine capable of driving a plane at a rate 
of 125 miles an hour, the attainment of the same speed at 166 horsepower, 
it means a saving of three gallons of gas for each hour of flight, they assert. 

The new cowling device, which resembles a large bowl with the bottom 
knocked out to make room for the propeller shaft, is placed over the engine. 
It is the first result of a cowling and cooling investigation undertaken by 
the scientific staff of the committee’s laboratory at Langley Field, Va., soon 
after the completion there early this year of the $150,000 propeller research 
tunnel. In effect, it covers the entire engine, but lets in sufficient air at the 
front to cool the cylinders. This air flow is controlled in such a manner 
that it issues from the rear of the cowling in a smooth stream around the 
fuselage. The device thus cuts down the air resistance, or drag, of the 
machine in flight while assuring proper functioning of the engine. 




Fig. 775. — Experimental Exhaust Manifold Unit with Air Scoop to Reduce Back 
Pressure by Cooling Hot Gas. This Arrangement is Said to Reduce Flare Appre- 
ciably in Night Flying. 

The design finally worked out was found to reduce the dragging effect 
of the engine to 75 pounds at 100 miles an hour, with or without a propeller 
spinner, as compared with 125 pounds with the engine uncovered. Estab- 
lishment of the ineffectiveness of a spinner was regarded as facilitating 
greatly the usefulness of the device by eliminating a complicating element 
in the repairing of engines. By making the cow ling in several pieces, it was 
explained, it could be readily removed for such work. Flight tests were 
made with a Curtiss army pursuit training plane equipped with a 200 horse- 
power Wright “Whirlwind” engine. As heretofore used, with the cylinders 
jutting out around the nose of the fuselage just behind the propeller, the 
maximum speed of this machine was found to be 118 miles an hour at 1,900 
revolutions a minute. Reporting on the tests after the plane was equipped 
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with the new cowding, Thomas Carroll, the committee’s chief test pilot, 
declared it had attained a speed of 137 miles an hour at 1,90() revolutions. 

Difficulties Presented by Exhaust Manifold. — In the Vce-type engine, 
with the exhaust ports all in a line, manifolding is relatively easy. With 
the radial air-cooled engine, the ports are in a circle almost as large as 
the outside diameter of the engine, and any collector ring placed there 
lies broadside to the air stream, with the consequent additional resistance. 
On the military airplanes using this engine, a small individual stack is fitted 
on each cylinder. On the transport airplane, however, they will not serve 
in the opinion of Mr. Monteith, because the exhaust manifold must 

(1) Eliminate the flash of the exhaust, which, if present, makes night 
flying in misty weather a hazardous undertaking by blinding the 
pilot. 



Fig. 776. — Motor Mounting of Ford Trimotor Monoplane Showing How Nose Motor 

Exhausts Under Cabin and Outboard Motors Exhaust Over Top of Wing. 

(2) Muffle the engine to whatever extent is possible. This is essential 
for the comfort of the passengers, and it lessens the strain on the 
pilot. 

(3) Be jacketed by a stove in cold weather, to provide heat for the pas- 
senger cabin, the pilot’s cockpit and for the carburetor air. 

(4) Conduct all exhaust gases away from the passenger cabin and the 
pilot’s cockpit. 

European air-transport practice is almost universal in the adoption of 
the collector ring terminating in a single or double long pipe under the 
fuselage. In the case of the Boeing mail plane, one disadvantage of such 
an arrangement is the location of a gasoline tank in the body. A certain 
amount of the fuel is almost always spilled when the tanks are filled, and 
the possibility of this falling on the manifold creates a rather definite fire 







1632 


MODERN AVIATION ENGINES 


hazard. This is minimized, however, by placing the manifold under the 
fuselage on the side opposite to that on which the filling is done. The 
method of disposing of the exhaust gases on the Ford trimotor is shown 
at Fig. 776. The outboard engines exhaust over the top of the wing, the 
nose motor exhausts under the cabin. 

The collector ring manifold has several disadvantages : 

(1) It is known to be a definite fire hazard in the event of a crash where 
gasoline can be spilled on the engine. The manifold can, however, 
be cooled to some extent by placing a scoop on it, thus forcing a 
stream of cold air into the exhaust gases. This also assists to some 
extent in eliminating the flash. Fig. 775 shows an experimental 
manifold unit with such a scoop incorporated. 

(2) It adds considerable weight to the airplane. 

(3) It increases the resistance of the airplane because it cannot be placed 
inside the cowling and should not be laid flat on the outside of the 
cowling. A stream of air should flow around it to keep it as cool 
as possible. Tests show that the manifold causes a loss in speed 
of approximately three m.p.h. as compared with the speed 
of the plane when the engine is equipped with short individual 
stacks. 

The manifold having two downwardly extending pipes is used at present 
on the Boeing mail planes. It is not satisfactory because it does not prevent 
flashing at night. It muffles the engine to some extent, however, and does 
keep exhaust gases out of the passenger cabin. The diameter of the col- 
lector-ring is 314 inches, and it was feared at first that it would cause too 
much back pressure; but by actual test, this was found to be 0.4 inch of 
mercury at full throttle, which -pressure occurred at the upper end of the 
ring. The Pratt & Whitney engineers stated that one inch of mercury was 
the maximum allowable back pressure. Cabin heating is accomplished by 
stoves placed around the short stacks at the bottom. 

Carburetor Stove for Zero Temperature. — Mr. Montieth stated they had 
for winter operation, only the experience gained from the Navy fighters 
using this same engine. It was known that, for operation at air tempera- 
tures around zero degrees Fahrenheit, it would be necessary to supply heated 
air to the carburetor. To do this, the exhaust pipe from the No. 6 cylinder 
was jacketed with a stove, the heated air from this being led to the car- 
buretor-intake scoop. A valve, controllable from the cockpit, enabled the 
pilot to regulate the mixture of cold and warm air supplied to the carbure- 
tor. While the heater is the best that has been built to date for this engine, 
it is far from satisfactory, and the Pratt & Whitney engineers, as well as 
the Boeing organization, are working on the problem. One objectionable 
feature in this arrangement of the heater is that the exhaust from one cyl- 
inder, being independent of the collector ring, makes sufficient noise to be 
decidedly unpleasant for passengers riding in the cabin and, for the comfort 
of passengers, this must be eliminated. In Navy tests with the supercharged 
Wasp, it was found that no carburetor heater was necessary, even at the 
extremely low temperatures encountered at an altitude of 26,000 feet. This 
is an additional advantage for this supercharged engine, but it also indicates 
that the engine might give trouble at the ground in hot weather. 
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Installing Fairchild-Caminez Engines 

Unpacking and Cleaning. — Dimensions of the packing box in which 
Fairchild-Caminez engines are shipped are as follows: 


Height 46)4" 

Width 52*4" 

Length 54" 

Displacement 76)4 Cu. Ft. 

Shipping Weight, complete 775 lbs. 


Proceed as follows when unpacking: 

1. ttreak seal under metal protecting plates at bottom of box. 

2. Remove nuts or bolts under handles and lift cover by handles. 

3. Remove oil cloth cover from engine. 

4. Remove sparkplugs or dummy plugs from cylinders and rotate engine 
by shaft until all excess lubricating oil has drained from cylinders. 



Fig. 777. — Thermoid Engine Mount Assembly for Fairchild-Caminez Engine. 

5. Put in sparkplugs. Wash them well in gasoline before screwing them 
in. Connect ignition wires to plugs. 

6. Wash engine complete with gasoline spray. 

7. Remove lag screws from mounting plate and raise engine and plate by 
eyebolt in top of cam case. 

8. Take off mounting plate. 

9. Clean off back of engine with gasoline spray. 

10. Remove covers from mouth of carburetor and exhaust ports. 

11. Remove plugs from lubricating oil inlet and outlet nipples and from 
gasoline connection to carburetor. 

Mounting the Engine. — After thoroughly cleaning the engine, bolt the 
mounting ring to the engine flange with eight 24-inch bolts. The inner 
plain ring should bear directly on the engine base. Do not screw down 



1634 


MODERN AVIATION ENGINES 


too tightly on the nuts. The normal pull on an open end wrench is suf- 
ficient. Fig. 777 shows the assembly of the mounting ring and the way it 
is bolted to the engine and nose ring of the plane. Raise the engine with 
mounting ring to the center of the nose ring on the plane and work the 
magnetos back through until the mounting ring is up against the nose of 
the plane. Holt the mounting ring to the plane with twelve % (; -inch bolts. 
After the plane has been flown for about two hours, pull up on all mounting 
bolt nuts, after which the nuts will remain tight indefinitely. 



Fig. 778. — Propeller End View of Fairchild-Caminez Motor Showing Carburetor 

Installation. 

"File Model 447C engine is supplied with a Stromberg NA-U5 carburetor. 
Fuel is fed to the carburetor by gravity alone, unless the plane is equipped 
with an independent fuel pump. The bottom of the fuel tank must be 
twelve inches above the carburetor at the steepest angle of climb of the 
ship. Use JHrinch copper tubing for the fuel line from tank to carburetor. 
Place a length of Air Service gasoline hose in the line near the carburetor 
using a brass hose liner in the joint. Secure the line adequately to prevent 
vibration. A suitable gasoline strainer should be placed in the line between 
tank and carburetor in a convenient location for cleaning and draining with- 
out removing the cowling. A good strainer made by the Consolidated In- 
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strument Company of America is shown at Fig. 763. 

The carburetor is mounted on the engine with its mouth facing in either 
direction. No scoop is furnished with the engine but one may be installed 
without effecting the performance of the carburetor. As shown in Fig. 778, 
the throttle control lever is on the right side and the altitude control on the 
left when the carburetor mouth faces forward. The throttle control lever 
may be set at any angle as it is retained by serrations on the lever and shaft 
collars. The throttle lever has a radius of 1^6 inches and moves through 
an arc of 70 degrees between full open and closed positions. The lever 
end is *4 inch thick and is drilled for a *4 inch clevis pin. The altitude 
control lever has a radius of lj4 inch and moves through an arc of 90 de- 
grees between rich and lean. The lever end is J4 inch thick and is drilled 
for a J4 inch clevis pin. For winter Hying an air pre-heater should be in- 
stalled to heat the air coming to the carburetor. This should be arranged to 
vary the degree of pre-heating so that the air can come direct from the 
atmosphere or all from the heater. 

Lubrication System. — The lubricating oil tank should be of such ca- 
pacity that there will be two gallons of oil remaining in the tank when the 
gasoline capacity of the plane is consumed, based on one gallon of oil to 
twenty gallons of gasoline. If the tank is placed below the center line of 
the engine, do not drop the oil level more than 24 inches below the pump 
suction. Expose the bottom or sides of the tank to the slipstream and 
provide for covering in winter or cover the tank w ith cowling and provide 
louvers to alloAV free circulation of air about the tank. 

Vent the tank at the top with a jZ-inch copper tube leading to the vent 
connection in the back of the engine cam case. In winter this vent pipe 
should be insulated from the cold by asbestos wrapping. The lubricating 
oil suction and discharge lines are ^ 4 -inch copper tubing. Standard Air 
Service 24-inch hose nipples should be placed at each end of the suction 
and discharge lines with hose liners between pipe ends to prevent slufifing 
of the rubber into the oil lines. The lines are best left unsupported between 
the hose nipples. The lubricating oil pump suction is at the left and the 
discharge to the tank at the right of the engine when observed from the 
pilot’s seat. A thermometer tube location is provided in oil sump of the 
engine case in front of the carburetor flange. Heat to a low red heat and 
quench all copper tubing after bending and support all long lines adequately 
to prevent vibration. 

Proper location of the oil tank under the cowling is important, wdien an 
engine is installed. The tank should be placed hnv — the top of the tank 
should be about level with, or below the center line of the engine and pro- 
peller. The bulk of the tank should be considerably below the center line. 
The filler line can be extended to the top of the cowling, for convenience 
in filling, and a drain cock can be extended below the bottom cowling. Thus 
filling and draining can be easily accomplished. It is desirable to have one 
surface of the tank in the slipstream, or to provide lorn ers in the cowling 
below the engine, to allow air to circulate around the oil tank to keep it 
cool. Oil tank capacity should never be less than five gallons. If large 
amounts of fuel are to be carried, the oil tank capacity should be seven per 
cent to eight per cent of the total gasoline capacity. If 100 gallons of gaso- 
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line are carried, the oil tank should hold about eight gallons of oil. If gaso- 
line capacity is considerably more than this, the oil tank may approach the 
seven per cent figure rather than the eight per cent figure. 

Magneto Wiring. — The magneto connection to the dashboard grounding 
switch is located directly above the breaker box on the outer end of the 
Scintilla magnetos. Connect these terminals of the right and left magnetos 
to the terminals on the switch marked “R. Mag." and “L. Mag/’ respec- 
tively. Use good quality insulated ignition wire and support the wire with 
clips at suitable points to prevent rubbing and kinking. Connect the switch 
terminal marked “Grd.” or “OFF” to some part of the engine such as the 
bolts holding the starter. If the engine is equipped with a hand starter with 



Fig. 780. — Challenger Biplane with Fairchild- Caminez Engine Installed. 


booster magneto, connect the terminal on the booster magneto with the 
terminals marked “H” on the Scintilla magnetos. The upper terminal at 
the end of the booster magneto is for grounding the magneto when it is de- 
sired to crank the engine over without starting. A switch with four ter- 
minals or an extra grounding switch will be required on the dashboard. 
The lower terminal is grounded to the engine and should be connected to 
the starter stud or some other convenient location. 

Spark Control Lever. — The spark control lever is located at the top of 
the magneto bracket. Its arc of action is 57 degrees and its radius 2 % 
inches. It is held in the forward (advance) position by a spring and must 
be pulled backward (retard) against the spring. The clevis pin hole is J4 
inch diameter. 

If the dog on the Eclipse inertia starter or geared hand booster starter 
is engaged with the extension shaft, the spark control lever will not move. 
Turn the engine ahead by hand a half revolution which will disengage the 
dog of the starter. In cold weather when the oi! is very viscous, the spark 
will retard automatically when the engine starts. The spring provided for 
advancing the magnetos will not operate until the oil is warm enough to 
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flow freely. Do not attempt to fly until the spark will stay in the advanced 
position. The engine may also be started by a booster magneto in the 
pilot’s cockpit or by hand cranking the propeller. For hand cranking the 
propeller mount the propeller with the blades at right angles to the large 
spline on the shaft. 

Tachometer Drive Connection. — A single tachometer drive is located 
below the lubricating oil pump and is gear driven by the pump shaft. This 
drive runs at driveshaft or propeller speed in a clockwise direction. With 
this drive a standard Air Corps tachometer will register twice driveshaft 
speed. The terminal connection is the U. S. Air Corps standard form with 
^-inch-eighteen thread. The rated speed of the engine is 1,000 r p.m. of 
the driveshaft. This will register 2,(X)0 r.p.m. on the standard U. S. Air 
Corps tachometer and represents the actual piston speed of the crankshaft 
speed of an equivalent crank engine. Thus the cam mechanism corresponds 
to a two to one ratio of a geared crank engine. 

Engine Starter. — The engine may be equipped with Eclipse Type M- 
2,004 Geared Hand Starter with Booster Magneto (gear ratio twelve to 
one) or Eclipse Series VJ. Extension shaft and crank are supplied with 
the hand inertia starter. An outboard bearing supported from the fuselage 
members will be necessary to support the extension shaft, and a hole must 
be cut in the cowling to admit the crank. If the engine is equipped with 
an inertia starter a push-pull control from the pilot’s seat or from the 
cranker’s position must be installed to engage the dog. Make certain that 
the mechanism springs back positively and allows the starter dog to rest 
agaifist the leather seat. If the pull rod binds and holds the dog slightly off 
its£^,t, oil will seep into the starter flywheel case and cause the starter to 
work hard. 

In building exhaust manifolds for the engine care should be taken not 
to restrict the flow of the gas or to build up back pressure. All elbows 
connecting the exhaust ports with the manifold should expand from the 
two inch diameter port to 2>j or three inches diameter as rapidly as pos- 
sible and yet clear the flange nuts. The elbow should enter the manifold 
at an easy angle to allow smooth flow of the gases. The manifold should 
have an area equal to or greater than a three inch diameter round manifold 
If the manifold is extended back toward the tail of the ship, the extended 
length should be expanded to 2>y 2 inch or four inches diameter. If the mani- 
fold section is streamlined the cross-sectional area should be larger than 
that given for round manifolds because of the greater skin friction of the 
increased surface. Manifold connections are provided with each engine 
and should be used to mount the exhaust manifolds on the engine. 

The shape of the engine cam case lends itself very nicely to the slip- 
stream without cowling completely. If the engine is not cowled complete 
the cowling should be brought over the mounting flange of the engine. 
Since each installation is cowled in a different manner it is strongly advised 
that the airplane builder design his own cowling and submit the design to 
the engine builder for approval. In general, keep the cowling line below the 
steel shrink ring of the cylinder. Allow for plenty of air circulation about 
the cylinder barrel either by cutting louvers or by leaving the cowling open 
in front of the cylinders. A sufficient number of louvers should be cut in 
the cowling behind the engine to allow the air to get out. 
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Propeller. — The choice of the correct propeller is very important. The 
propeller should not turn above 1,000 r.p.m. (2,000 r.p.m. tachometer read- 
ing) at full throttle in level flight. The Installation Department of the 
engine builders is prepared to forward advice on propellers suitable for 
various installations. The position of the hub splines with relation to the 
propeller blades does not affect the running characteristics of the engine. 
However, for emergency hand cranking, the propeller hub should be placed 
with the broad spline as nearly 90 degrees to the blades as possible. 

Cover all mating parts of the shaft end and hub with graphited grease. The 
hub cone is easily slid on or off the shaft by expanding it with a screw- 
driver in the slot. See that the bronze bushing is in the propeller hub or 
on the shaft cone before mounting the propeller on the shaft. The hub 
splines should fit the shaft with a secure slip fit. LMace a timber on the 
ground and under the hub nut bar and tighten the nut by pulling down on 
the propeller blade with the bar bearing on the timber. Tighten the lock 
nut securely with the special spanner and secure with a cotter pin through 
the tw'o nuts. Check the propeller for tracking of the blades after it is 
mounted. 

After the hub has been removed and replaced several times the bronze 
cone bushing becomes thin and allows the hub to press against the camshaft 
nut. The clearance between hub and nut should be at least .045 inch. If 
the clearance is too small a new bronze bushing should be used or a hard- 
ened washer Y u - inch to % inch thick with ground parallel faces inserted 
between the split steel cone ancf the camshaft nut. 

Installation of ‘‘Whirlwind” Engine In the Airplane 

Unpacking and Cleaning- -Wright “Whirlwind” engines are shipped 
from the factory in a sealed packing box with the following outside dimen- 
sions : 

Height 46. 

Width 5 1'A" 

Length ...54" 

Displacement 70^ Cu. Ft, 

The shipping weight of the engine and box is : 

J4A 070 lbs. 

J5 1010 lbs. 

The following procedure should be adhered to in unpacking and cleaning 
a Wright “Whirlwind" engine which is show’ll in its shipping box with 
cover compartment of the case removed at Fig. 781. 

1. Break seals found under metal protecting plates at the bottom of 
the box. 

2. Remove nuts on four bolts found directly under the handles and lift 
cover by the handles. 

3. Remove oil cloth from the engine. 

4. Remove sparkplugs or dummy plugs and turn engine over ten or 
twelve times to expel oil. 

5. Replace sparkplugs. If they w r ere in place in engine when received 
wash in gasoline before replacing. 

6. Remove four lag screws securing mounting plate to bed timbers. 
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7. Lift engine by passing a rope or cable under the front flange between 
the bolts of the propeller hub. If a hub is not supplied it will be 
necessary to proceed in accordance with item 3 below. 

8. Remove mounting plate. 

9. Remove breather caps and screw in lifting eyes. Lifting eyes are not 
furnished with the engine but can be purchased from the Wright 
Aeronautical Corporation. 

10. Lower engine on to tilting stand and bolt in place securely. 

11. Tilt stand until crankshaft is horizontal. 



Fig. 781. — Wright Model J5 Engine in Shipping Box with Cover Removed. 


12. Clean engine with gasoline spray. 

13. Pass a cable through the lifting eyes and hoist engine, removing it 
from tilting stand. 

If a tilting .stand is not available proceed as follows: 

1. Perform operations 1 to 5 inclusive. 

2. Tilt base of shipping box to approximately vertical position and place 
a support under the propeller hub. 

3. Using a piece of rope, make a loop around the base of the No. 3 
cylinder inside the push rods, pass both ends up over the hook of a 
suitable hoist and down around the base of the No. 8 cylinder. An- 
other loop should be put around the hook and the propeller hub or 
crankshaft end to provide proper balancing. Be sure these ropes clear 
the rocker arms, sparkplugs and push rods. 

4. Lift from floor and remove the base of the engine box. 

Installation in Airplane. — After the engine has been unpacked and 

cleaned it will be ready for installation in the airplane. All burrs and sharp 
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corners should be removed from the engine mount and the mounting flange. 
Care should be taken to see that the engine mount is flat and fits the mount- 
ing flange all around. Hoist the engine by the lifting eyes and carefully 
work the rear end through the mounting ring. Bolt to the mount securely 
with eight £6 inch diameter SAE alloy steel bolts and lock by some suitable 
means. The main dimensions of the engine are clearly shown in installation 
drawing at Fig. 782. 


Fig. 782. — Installation Drawing, Wright “Whirlwind” Engines, Models J5C, J5A, J5CA and J5B. 






1642 


MODERN AVIATION ENGINES 


Lubrication System. — The suction pipe from the oil jacketed carburetor 
manifold to the suction side of the scavenging pump should be installed 
It is of the utmost importance to see that this pipe is free from air leaks 
at the flanges. The flanges should be examined to see that they are square 
and free from dirt and that the gaskets are in good condition before bolting 
in place. This is very important as the eiu/ine will not function with air leaks in 
this line. This oil suction line is clearly shown at Fig. 783. 

The oil tank should, if 
possible, be located so that 
the oil level is above the 
oil pump. This will elim- 
inate trouble with priming. 
The lines from the tank 
to the engine should be 
short with as few bends 
as possible. Copper pipe 
of Y\ inch diameter, heated 
and quenched after bend- 
ing, and well braced 
throughout its length to 
eliminate vibration is rec- 
ommended. The oil inlet 
and outlet connections on 
the engine will be found 
on the left-hand side of 
the rear section behind the 
mounting flange. These 
are fitted with nipples of 
the proper .size, beaded for 
hose clamps. 

The vent from the oil 
tank may be piped back 
into the engine crankcase 
with a Z> inch diameter 
pipe. A hole with a Y 
inch pipe thread is pro- 
vided on the left side of 
Fig. 783. — Rear View of “Whirlwind” J5 Engine the rear section of the J5 

Showing Oil Suction Line and Carburetor Feed Pipe. for this line. This pre- 

vents the spilling of oil 

from the oil tank during stunt maneuvers. The oil pressure relief valve and 
oil strainer will also be found on the rear section and should be cleaned and 
adjusted as described later. 

The oil pressure line should be *4 -inch copper tubing connecting the 
pressure outlet, found at the rear and bottom of the rear section, with the 
pressure gauge on the instrument board. This tubing should be heated and 
quenched after bending and braced at frequent intervals to eliminate vibra- 
tion. Hrass fittings should be used on the ends of this line. 




WRIGllT ENGINE INSTALLATION 


1643 


Ordinarily it will not he necessary to install an oil cooler on “Whirlwind” 
engines as the heat given to the oil is very small and is easily dissipated 
from the oil line and oil tank. Under certain extreme conditions a cooler 
may be necessary, in which case it should be inserted in the discharge line 
of engine. 

Cowling. — Where cowling is provided it is desirable that some provision 
be made to regulate the cooling obtained by the engine. In cold weather 
it is essential that the crankcase, carburetors and the lower halves of the 
cylinder barrels be enclosed to lessen the dangers of cold oil. It is also 
advisable to lag- all the external oil lines with some insulating material, 
especially the drain from the intermediate section to the sum]). For opera- 
tion in warm weather provision should be made for a sufficiently increased 
flow of air over the crankcase and cylinder barrels to insure adequate cool- 
ing of the engine. The lagging should be removed from the oil lines. 

The Wright Aeronautical Corporation encourages airplane manufac- 
turers to send in their powerplant installation designs for criticism. Ac- 
companying the prints should be a general description of the plane, the uses 
to which it will be put and the climatic conditions which will be encoun- 
tered. As air-cooled engines are still rather new to most manufacturers, it 
is hoped they will take advantage of this opportunity and profit by the long 
experience of the Wright engineers in this line. Various suggestions that 
have been made for cowling and exhaust gas disposition for air-cooled en- 
gines in general will apply just as well to the “Whirlwind” models. 

Fuel System. — “Whirlwind” engines are supplied with or without a fuel 
pump at the option of the customer. If no fuel pump is supplied the car- 
buretor should be connected bv a ^6-inch line of copper tubing, heated and 
quenched after bending, to a gravity tank having at least twenty inches 
head. If the fuel pump is supplied, the discharge from the pump is con- 
nected by -LJ-inch copper tubing to the carburetor as shown at Fig. 78 3, 
the pressure relief is returned to the supply tank and the intake line is 
taken from the bottom of the supply tank. The fuel lines should be as 
simple as possible and free from vertical bends in which air pockets can 
form. The lift from the tank to the pump should not be more than three 
feet. It wdll be necessary to prime the engine fuel pump with a suitable 
hand pump. The engine fuel pump is fitted with a bypass valve which 
allows the fuel from the priming pump to flow around the pump gear into 
the discharge line to the carburetor, thus eliminating the necessity for a 
complicated valve system. To adjust the pressure in the carburetor feed 
line remove the domed cap from the relief valve, loosen the lock nut and 
screw in or out on the adjusting screw to raise or lower the pressure. 

Magneto Wiring. — The top connections “P” of the magnetos, Fig. 784, 
should be connected to the points on the grounding switch marked “R Mag” 
and “L Mag” with insulated ignition wire. The point marked “Grd” on the 
switch should lie connected to the engine crankcase. These wires should 
all be clipped at suitable points to prevent them from chafing or burning 
on the engine. This is most important, as the proper functioning of the 
engine depends on the contacts made through these wires. If an inertia 
or electric starter is used a booster magneto is not essential but may be 
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of considerable aid in cold weather. The booster magneto can be mounted 
in the cockpit, in which case the high tension lead will be connected to the 
terminal "H” on the top of either magneto. The ground wire from the 
booster magneto should be connected to the terminal marked "Start’' on 
the switch. If the booster is used from the ground the high tension lead 
should be inserted in the terminal marked “H” on one of the running mag- 
netos and the body of the booster magneto should be grounded on the 
engine. In this case the connection can be pulled out as soon as the engine 
starts and the magneto kept on the ground. Photographs of the running 
magnetos are given at Fig. 784 showing the starting magneto terminal and 



Fig. 784.— Scintilla AG-9D Magneto Used with Wright “Whirlwind” Engines. 

ground connection. The spark control levers on the magnetos are con- 
nected by rods, ball joints, and levers to a cross shaft running through the 
rear part of the crankcase. The left end of this shaft is provided with a 
lever to which the control rod is to be attached. The movement of this 
lever is 72 degrees, the radius is l%o inch, and the hole in the end is drilled 
for a % 6 -inch pin. 

“Whirlwind” Carburetor.— The carburetor is adjusted at the factory to 
give the proper fuel consumption when mounted on the engine facing the 
rear with no air scoop. If an air scoop is added or the carburetor is faced 
forward, the fuel characteristics of the engine will be changed and a further 
adjustment may be necessary. It is, therefore, recommended that the car- 
buretor installation be left as received. In case a change is necessary, the 
company’s Service Department should be consulted. Ihe controls on the 
J4B engine are on opposite sides of the carburetor — the throttle on the right 
and the mixture control lever on the left. The throttle lever can be ad- 
justed to any position by removing the cotter pin and nut on the end of the 
throttle shaft and moving the lever on the serrations to the desired angle, 
then replacing the nut and cotter pin. Do not draw up this nut too tightly 
as it will shear the shoulder on the throttle shaft and cause it to bind. The 
throttle lever cannot be moved from one side of the carburetor to the other. 
It has a radius of 1% inch and a travel of 70 degrees between full open and 
full closed. Both throttle and mixture levers are drilled to .218 inch, the 
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throttle lever being % inch thick and the mixture lever % 2 inch thick. 
Clockwise rotation of the lever opens the throttle and counter-clockwise 
closes it. The mixture control swings through an angle of 90 degrees on 
a 1J4 inch radius. Clockwise rotation of the lever is full rich and counter- 
clockwise full lean. 'Hie mixture control operates from 45 degrees below 
horizontal to 45 degrees above horizontal. This movement can only be 
changed by fitting a special lever. In fitting a special lever, care should 


Aft.' 


TmOTTLC LEVCK- 


\ Vr**- ~ *" ~ 


"9 

r . 



tPLE 
A (2) 




/ 




Stromberg NA-USO Carburetor (Models J-4A and J-4B). 


,9/.T/Tt/p£^ 

CMTXOL 


r—n/CL wier 

Y~f#i£ rjj 


-THF0TTLE LEVEX 

Stromberg NA-T4 Carburetor (Model J-5). ' 




X 

\ 






- 

1 V'' ' 


/Z* 


ry&qwrsm sr „ j -wwrrnf texe* as#m££> 

,^; v : iMT/rwc CMtrm < 


Ait aj x < 

■ **■ brtt 


Pig. 785. — Stromberg Carburetors Used with Various Models of Wright “Whirlwind” 

Engines. 


be taken to see that the mixture control valve is not shifted from its proper 
position. The fuel pressure line connection should be made at the drain 
hole in the wall of the carburetor strainer chamber. When received this 
hole will be stopped with a plug stamped “Drain.” Photographs of the 
Stromberg NA-U5G carburetor will be found at the top of Fig. 785. 

The float chamber of the J5 carburetor is so arranged that the gasoline 
will approximate normal head when the ship is thrown from the catapult 
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or goes through stunt maneuvres. It is, therefore, inadvisable to turn the 
carburetor around as this will upset these conditions. The throttle and 
mixture control levers of the NA-T1 carburetor are both on the right-hand 
side and neither can be shifted to the other side The throttle lever, as on 
the NA-U5G carburetor, can be adjusted to any desired angular position 
and has a movement of 70 degrees between full open and full closed. The 
mixture control lever is in the full rich position at 34 degrees aft of the 
vertical and full lean at 21 degrees forward of the vertical. The radius of 
both levers is 1 46 inches and both are drilled for a 3 ^ 0 -inch pin. The throt- 
tle lever is .248 inch thick and the mixture control lever is .186 inch thick. 
The fuel pressure gauge line connection should be made at the drain hole 
in the wall of the carburetor strainer chamber. When received this hole 
will be stopped with a plug stamped “Drain.” Photographs of the NA-T4 
carburetor will be found on Pig. 785, at the bottom of the illustration. 

Tachometer Drive Connection. — The two tachometer drive connections 
will be found on top of the oil pump on the left-hand side of the rear sec- 
tion. These are of the U. S. Air Corps standard form with %-'mch — eigh- 
teen thread. They rotate at crankshaft speed in a counter-clockwise 
direction as viewed from the open end. 

Starter. — Several types of starters are supplied on J4B and J5 engines 
as desired by the customer. On all starters a hand crank is required which 
fits over a shaft and drives through a pin . In most cases the hand crank 
is supplied with the starter but it may be necessary to change its length to 
suit various installations. An outside bearing in line with the starter shaft 
will be necessary. This bearing should be rigid and have sufficient clear- 
ance to allow for a slight misalignment of the hand crank and starter shaft. 
With the inertia starters a push-pull control is necessary to operate the en - 
gaging dog. This control can be led to the pilot's seat or brought out near 
the crank. Tt is necessary to push the control if the engine fails to start 
in order to disengage the clutch. A rod mechanism is therefore essential. 
The same installation is required with the worm ty pe of starter. Tf for any 
reason the starter dog is removed and not replaced, dummy parts will be 
required in the crankshaft to seal it against engine oil pressure. 

Mounting the Propeller. — The propeller should be designed to allow 
the engine to turn approximately rated speed at full throttle when the ship 
is in level flight. Other speeds are undesirable as low speed holds down 
the power of the engine, causes excessive torque vibration and increases 
the tendency to detonate, while high speed subjects the engine to strains 
which will shorten its life. The propeller should be installed on the hub 
with the dowel in the line of the blades. In this position the propeller blade 
marks top and bottom center of No. 1 cylinder. With the hub placed on 
an arbor the propeller should be set on parallels to check the balance. The 
propeller should also be checked for track, i.e., the following of one blade 
in the plane of the others. This can be done most easily in the ship by 
establishing a point on the plane close to the propeller tip and checking 
the distance to each blade as it passes this point. No propeller w'hich is out 
of track or balance should be used. When mounting the propeller the taper 
and threads on the crankshaft should first be cleaned with gasoline and 
blown off with an air hose if available. The same treatment should be given 
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the bore of the propeller hub and the crankshaft nuts. The crankshaft 
should then be coated with engine oil or graphited 600W and the propeller 
hub pushed on. The inner nut should be screwed onto the crankshaft until 
it is home. It is advisable to hit the propeller hub wrench three or four 
times with a lead hammer to be sure that this nut is tight. The outer nut 
should then be screwed into the hub and the same procedure followed. Be 
sure that these nuts are clean and well oiled before installing. A hole in 
the inner nut must register with a similar hole in the outer nut to take a 
cotter pin for locking. There are twelve holes in the inner nut and two 
holes spaced 45 degree apart in ihe outer nut so it is a fairly easy matter 
to bring the nuts together* for a cotter pin. Turn the engine over a few 
tunes by hand to make sure that the propeller has ample clearance at all 
points. 

Wright “Whirlwind” Engines 
Instructions for Starting and Normal Operation 

Before starting the engine for the first time the following items should 
be checked : 

1. Check over all nuts and bolts both on the engine and the mount and 
see that thev are tight and properly locked 

2. Check the propeller hub nuts to be sure they are tight and cottered. 

3. Lubricate the valve gear with Alennte gun using 600W oil. 

4. Fill the oil tank with an ample quantity of oil for the run (minimum 
quantity two gallons) and see that all lines are open. 

5. Fill the gasoline tank with the proper grade of gasoline. 

(>. Operate the throttle and mixture controls and inspect the levers on 
the carburetor to make sure that they hit the stop on both ends of 
the travel without restriction. 

7. Operate the spark advance control and inspect for full operation of 
the lever. 

8. See that the tachometer and pressure gauge are properly connected 
and that the oil temperature thermometer bulb is in place. 

9. Turn the engine oxer by hand to see that everything is clear. 

10. See that the pruning line and pump are properly connected and in 
w orking order. 

11. Open the cocks in the gas line and operate the hand pump if supplied. 
See the gasoline is supplied to the carburetor and that all lines are 
tight. See that the carburetor does not drip gas. 

12. See that ground wires are connected to the magnetos. 

Starting. — Having completed the pre-starting inspection the engine is 
ready to start and should be handled as follows: 

1. Give the engine several strokes of the priming pump. Experience is 
necessary to determine the proper amount of prime for each engine. 
About five or six strokes of the Lunkenheimer pump are usually 
necessary. Excessive priming has a tendency to wash the oil off the 
cylinder walls and cause scoring or seizing of the sleeves and pistons. 
In cold weather the engine requires more priming than in warm 
weather. 

A hot engine does not ordinarily require priming. 
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2. Turn the engine over a number of times with the throttle closed to 
suck the gas into the cylinders. 

3. Set the throttle to approximately open and the mixture to full rich. 
Easier starting will be obtained with spark control at approximately 
full advance. 

4. Operate the starter and allow the engine to turn over a full revolution. 
Then turn the ignition switch to the start position and operate the 
booster if one is being used. 

5. If the engine fails to start after several attempts prime again and 
repeat. If the engine is overprimed the throttle should be opened 
wide and the engine turned backward several revolutions by hand. 
Be sure the ignition switch is off. 

6. In extreme cold weather the oil should be heated before filling the 
oil tank. 

If the engine fails to start after a reasonable number of attempts, consult 
special chapter on troubles and overhauling to ascertain possible cause. 

Ground Test. — When the engine starts the spark should be advanced, 
the throttle pulled back to 6(X) or 800 r.p.m. and the gauge watched for 
oil pressure. If the oil pressure fails to rise within one minute the engine 
should be shut down and an investigation made. After the gauge indi- 
cates oil pressure the engine should be run at 600 to 800 r.p.m. for 
two minutes or more and the throttle then opened to 1,000 r.p.m., where it should 
be held until the oil outlet temperature starts to rise. The speed may then 
be increased slowly to full throttle. The mixture control should be leaned 
out until the engine is turning maximum r.p.m. This may occur in the full 
rich position. Observe the r.p.m., oil pressure and oil temperature. With 
the mixture control set for maximum r.p.m., check the functioning of the 
engine when running on one magneto at a time. If the values observed 
are normal and the speed does not drop more than 7 5 r.p.m. on each mag- 
neto the engine is ready to fly. It should be remembered that the engine 
receives very poor cooling while on the ground and prolonged running at 
full throttle should be avoided. 

Flight. — The instruments should be noted at frequent intervals to see 
that the powerplant is functioning properly. The engine should be oper- 
ated to keep within the following limits: 

Oil pressure 50 to 7 5 pounds per square inch. 

Outlet oil temperature not over 180 degrees Fahrenheit (82 Centigrade). 

Fuel pressure two to four pounds per square inch. 

If the oil pressure falls below 35 pounds an immediate landing should 
be made and the cause of the trouble located and removed. It is not so 
serious when the oil pressure exceeds the high limit but it should be cor- 
rected at the end of the flight. This can generally be done by adjusting the 
relief valve. High oil temperature when not caused by atmospheric con- 
ditions may be a sign of trouble in the engine. If the outlet oil temperature 
rises above 180 degrees Fahrenheit a landing should be made as soon as 
possible and its cause determined and corrected. 

Landing. — Because of the faster heating and cooling rate of air-cooled 
engines a hot engine should never be shut down rapidly, except in emer- 
gencies, as this is almost sure to warp the valves. After a plane has landed 
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and taxied to the line, the spark should be retarded, the throttle slowly 
closed to 600-700 r.p.m., and the gasoline supply shut off. The engine 
should be allowed to run this way until the fuel supply fails. If this is done 
regularly the time between overhauls will be greatly increased. 

Fuels. — The fuel used should be either of the type known as Grade B 
domestic aviation gasoline or one of the commercial fuels recommended. 
The use of other fuels is 
apt to lead to unsatisfactory 
operation and serious dam- 
age to the engine. The 
manufacturer will assume 
no responsibility for the 
engine’s performance when 
other fuels are used. In 
case of emergency, when 
approved gasoline is not 
available, benzol gas, ethyl 
gas or high test automobile 
gasoline should be used. 

The engine should then be 
operated at reduced throttle 
with the mixture control in 
the full rich position. Gas- 
oline from California base 
crudes is much superior to 
gasoline from the mid-con- 
tinent and eastern crudes. 

The following specifica- 
tion corresponds to the 
Navy Department Specifi- 
cation No. 7G1 B of De- 
cember 1, 1924, for Grade 
B domestic aviation gaso- 
line. 

Grade B, domestic avia- 
tion gasoline shall conform 
to the following require- 
ments : 

1. The gasoline shall be 
free from water and sus- 
pended matter. 

2. Color. — The color 
shall not be darker than 
No. 25 Saybolt. 

3. Doctor test. — The doctor test shall be negative. 

4 . Corrosion test/: — One hundred cubic centimeters of the gasoline shall 
cause no gray or black corrosion and the amount of deposit when 
evaporated in a polished copper dish shall not exceed three milligrams. 



Fig. 786. — Method of Balancing a Wright “Whirl- 
wind” Engine Propeller. Stand Shown Can be Used 
with Any Propeller it Will Swing. 




1650 


MODERN AVIATION ENGINES 



Fig. 787. — Installation Drawing of Wright “Cyclone” Aviation Engine Model 1750. 
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5. Distillation range. — The temperature limits are as follows: When 
five per cent of the sample has been recovered in the graduated re- 
ceiver, the thermometer shall not read more than 75 degrees Centi- 
grade (167 degrees Fahrenheit), or less than 50 degrees Centigrade 
(122 degrees Fahrenheit). 

When 50 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 105 degrees Centigrade (221 de- 
grees Fahrenheit). 

When 90 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 155 degrees Centigrade (311 
degrees Fahrenheit). 

When 96 per cent has been recovered in the receiver, the thermom- 
eter shall not read more than 175 degrees Centigrade (347 degrees 
Fahrenheit). 

The end point shall not be higher than 190 degrees Centigrade 
(374 degrees Fahrenheit). 

At least 96 per cent shall be recovered as distillate in the receiver 
from the distillation. 

The distillation loss shall not exceed two per cent when the 
residue in the flask is cooled and added to the distillate in the receiver. 

6. Acidity. — The residue remaining in the flask after the distillation is 
completed shall not show an acid reaction. 

7. Sulphur shall not be over 0.10 per cent. 

Oil. — Lubricating oils for use in Wright engines must conform to the 
following specification : 

1. Flash point — Method 110.31. The flash point shall not be lower than 
400 degrees Fahrenheit. 

2. Viscosity — Method 30.4. The viscosity for summer use shall be 90 
to 105 seconds and for winter use shall be 75 to 85 seconds. 

3. Pour points — Method 20.11. The pour point for summer use shall be 
less than 45 degrees Fahrenheit and for winter use shall be less than 
fifteen degrees Fahrenheit. 

4. Acidity — Method 510.3. Not more than 0.10 milligram of potassium 
hydroxide shall be required to neutralize one gram of oil. 

5. Emulsion test — Method 500.11. The oil shall separate completely in 
one hour from an emulsion with distilled water at a temperature of 
180 degrees Fahrenheit. 

6. Carbon residue — Method 500.11. The carbon residue shall not exceed 
2.5 per cent. 

7. Precipitation number — Method 310.1. The precipitation number shall 
not be greater than 0.5. 

8. The oil shall be derived from a petroleum base and shall be free from 
fatty oils, resins, soap and other compounds not derived from petro- 
leums. 

Tests — All tests shall be made in accordance with “Method for Testing 
Lubricants and Liquid Fuel” contained in Technical Paper No. 323A, 
Bureau of Mines. The method numbers given above refer to this 
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paper. Copies of this paper may be obtained upon application to the 
Quartermaster General. LJ. S. Army. 

The lubricating oils listed below have demonstrated by extensive service 
that they are satisfactory for use in Wright engines. 


Slimmer tirade 

Gargoyle Mobiloil B (97-101) 
Hyvis Extra Heavy (110) 
Kendall G (106) 

Marland Super Liberty (100) 
Marvelube Extra Heavy (103) 
Peunzoil Aviation Special (100) 
Stanolind Superla (90-95) 
Valvolinc Special Heavy (95) 
Veedol Extra Heavy ( i 06 ) 
Wolfshcad No. 8 (98) 

Zcrolene Aero — 2 (95) 


Winter Grade 

Gargoyle Mobiloil BB (75) 
Hyvis Special Heavy (85) 
Kendall F (87) 

Marvelube Special Heavy (75) 
Penuzoil Extra Heavy (85) 
Stanolind Superla (80-85) 
Veedol Special Heavy (74) 
Warren A B C 
Zcrolene Aero — 1 (80) 


Numerous engine operators have shown an inclination to use a heavier 
summer oil than the grade recommended by the Wright Aeronautical Cor- 
poration. This practice has met with success during warm weather and is 
permissible if desired. The following brands of oil have been used with 
satisfaction. 

Kendall J (125) 

Magnoline (125-130) 

Penuzoil Double Extra Heavy (115) 

Stanolind Aero (125) 

Valvolinc Extra Heavy Special (122) 

Veedol Liberty Aero No. 4 (116) 


When a heated hangar is always available, or some method of preheal- 
ing -the oil is employed, it is possible to use an oil of summer grade during 
the winter time if desired but this practice is not recommended. Better 
satisfaction will be obtained with one of the winter grade oils listed above. 
The oils listed for warm weather should not be used during cold weather 
under any condition. In all the tables given above the oils arc listed in 
alphabetical order and not in order of merit as good results are obtained 
with all of them. The figures in parentheses are the viscosities at 210 
degrees Fahrenheit. 

Unpacking and Cleaning Cyclone Engine. — Wright Cyclone engines are 
shipped from the factory in a sealed packing box with the following outside 
dimensions : 

Height 49*4 in. 

Width 58 in. 

Length 6L)4 in. 

Displacement 100 cu. ft. 

The shipping weight of the engine and box is approximately 1,530 
pounds. 

The following procedure should be adhered to in unpacking and cleaning 
a Wright Cyclone engine: 

1. Break the seals found under the metal protecting plates at the bottom 
of the box. 

2. Remove the nuts on the four bolts found directly under the handles 
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and lift the cover off by the handles. 

3. Remove the oil cloth from the engine. 

4. Remove the sparkplugs or dummy plugs and turn the engine over 
ten or twelve times to expel the oil from the cylinders. 

5. Replace the sparkplugs. If they were in place in the engine when 
it was received, wash them in gasoline before replacing. 

6. Wash the packing grease off the engine using a gasoline spray. A 
clean paint brush and a bucket of gasoline will serve the same pur- 
pose if a spray outfit is not available. 

7. Screw a pair of hoisting eyes WA-236 into the two holes provided in 
the crankcase on either side of No. 1 cylinder and prepare to lift the 
engine with a chain hoist and rope. It is very desirable to put a 
spreader between the two ropes to keep them clear of the No. 1 cyl- 
inder. 

8. Lift the side of the box base at the top of the engine until the ropes 
are sure to clear the No. 1 cylinder and then raise the engine and base 
to a vertical position with the hoist. Rig another sling between the 
crankshaft and the hoist hook to keep the engine in a vertical position 
when hanging free. 

9. Remove the nuts from the ten bolts holding the steel mounting plate 
to the base and remove the base. The mounting plate can then be 
removed from the engine. 

Engine Mount and Cowling. — As each airplane presents its own problem 
in the way of engine installation, it is impracticable to give more than a 
generalized recommendation. It is the belief of the makers that from the 
standpoint of weight, strength, rigidity, accessibility and cost, the tubular 
engine mount structure is the most satisfactory type developed up to this 
time. In the design of such a mount it is desirable that the arrangement 
of members be such as to produce direct stresses only, that is, tension or 
compression without bending. The Wright Aeronautical Corporation will 
furnish upon request drawings showing engine mount structures of this 
type which have proved satisfactory in service and the reader can study 
various engine mounts presented at the beginning of this chapter for further 
detailed suggestions. 

In designing cowling it should be borne in mind that it is practically 
impossible to overcool the cylinder heads and cylinder barrels. For cold 
weather operation, it is essential that the crankcase be protected to prevent 
excessive cooling of the oil. In operating in hot weather, however, it is 
necessary to circulate air around the crankcase. Inasmuch as it is generally 
desirable, from the standpoint of appearance and performance, to carry the 
general line of cowling above the base of the cylinders, it is necessary to 
introduce the air for cooling the crankcase and lower portions of cylinder 
barrels through holes or louvers in the nose cowling. In order to take care 
of varying temperature conditions it is advisable to provide some means 
for varying the size of — or completely closing off — these ventilating holes. 
Provision should also be made for the removal of the air after it has passed 
around the cylinders. 'Suction louvers in the rear engine cowling or individual 
troughs behind each cylinder will accomplish this purpose. Obstructions very 
close behind the cylinders should be avoided as they prevent the free flow of air 
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around the cylinders. In no case should the diameter of the cowling at the center 
line of the cylinders exceed 35 inches. The sketches at Figs. 772 and 773 
show a type of engine coav! which incorporates the features described above 
and which has proven successful in various practical applications. 

Fuel and Oil Lines. — It is a well known fact that the largest percentage 
of forced landings due to failure of the power unit is caused by failure of 
some part of the “plumbing” system The following recommendations are 
therefore considered of the utmost importance. 

1. All lines should be made of soft seamless hot drawn copper tubing 
of the finest quality. 

2. The entire tube should be annealed both before and after bending. 
If the bend is unusually severe it is advisable to anneal the tube fre- 
quently during the operation. 

3. Hose connections should be of the best quality. In a properly made 
connection the ends of the tubes are scpiare and are brought close 
together inside the hose. The tubes should be provided with sub- 
stantial beads about J4 inch from the ends and all burrs should be 
carefully removed. 

4. Hose clamps should be of the type which the airplane manufacturer 
believes to be the strongest and most reliable parts available. 

5. Vibration is very often the cause of failure of a seemingly well as- 
sembled line. All lines should be well braced. 

6. “Air locks” or “gas locks” are caused by the collection of air or fuel 
vapor in the high point of an improperly constructed line. Avoid 
high points except at the ends of the lines. 

7. For service in cold weather it is essential that the oil lines be covered 
with asbestos lagging. This enables the engine to maintain a higher 
oil temperature and a higher rate of oil circulation. 

Cyclone Lubrication System. — If possible, the oil tank should be located 
so the oil level is above the oil pump. This location will eliminate trouble 
in priming. The lines from the tank to the engine should be short with as 
few bends as possible. Copper pipe of one inch diameter, annealed after 
bending, and well braced throughout its length to eliminate vibration, is 
recommended. The oil inlet and outlet connections on the engine will be 
found on the left hand side of the rear section behind the mounting pads. 
They are fitted with nipples of the proper size, beaded for hose connections. 
The vent from the oil tank may be piped back into the engine crankcase 
with a Z 2 inch diameter pipe entering the crankcase rear section through 
a inch pipe tap hole below and to the left of the generator pad. With 
the vent installed in this manner, it is possible to avoid spilling oil from the 
tank during stunt maneuvers. 

' The oil-pressure line should be of J'«-inch copper tubing connecting the 
pressure gauge on the instrument board with the pressure outlet which is 
found at the rear and bottom of the rear section on the outside of the main 
strainer chamber. This tubing should be annealed after bending and braced 
at frequent intervals to eliminate vibration. Ordinarily, it will not be neces- 
sary to install an oil cooler on Cyclone engines as the heat given to the oil is 
very small and is easily dissipated from the oil lines and oil tank. Under 
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certain extreme conditions a cooler may be necessary, in which case it 
should be inserted in the discharge line from the engine. Installations pro- 
vided with an oil cooler should also include a relief valve and bypass to 
relieve the pressure in the cooler when starting in cold weather. 

Fuel System of Cyclone Engine. — As the Standard Army-Navy fuel 
pump mount and drive are provided in the Cyclone engine, there are several 
fuel pumps which can be attached without change. If no fuel pump is sup- 
plied, the carburetor should he connected to a gravity tank by a -j^-inch line 
of copper tubing which has been annealed after bending. This tank should 
have at least a twenty-inch head when the plane is inclined at the angle of 
its steepest climb. When a fuel pump is used the pump discharge should 
be connected to the carburetor and the discharge from the relief valve 
should he piped hack to either the main fuel supply line or to the gravity 
tank. If a pressure-relief valve is not provided with the pump used, this 
part must be supplied as a separate unit in the main gasoline feed line, be- 
tween the pump and the carburetor. 

The fuel lines should be as simple as possible and free from vertical 
bends in which air pockets ;an form. The lines should he of soft copper 
tubing of at least a J^-inch inside diameter. The location of the throttle 
lever and the mixture-control lever are given on the installation drawing 
at Fig. 787. Loth levers are ^-inch thick and are drilled to take a 
clevis pin. 

The priming pump should be located near the hand crank with the end 
of the plunger extending through the cowling where it w ill he easily acces- 
sible. There should be a shut-off valve in the line near the primer and this 
should he provided with a right angled handle which in the “off” position 
wdll extend across the primer handle. This indicates in a clear and forceful 
manner whether the valve is on or off. The primer fuel supply is drawn 
from the main fuel line through the reducing tee supplied and the primer 
discharge is connected to the supercharger diffuser chamber at the base of 
the No. 1 cylinder intake pipe. All lines are of y^-mch brass or copper 
tubing. Leakage through the primer is apt to flood the lower cylinders 
with raw gasoline and result in serious damage to the engine. The danger 
of primer leakage can be minimized by the installation and use of the valve 
described. 

Carburetor Air Heater. — The carburetor air heater is attached to the 
carburetor wdth the air-inlet openings facing toward the rear. The exhaust 
connection should be attached to the exhaust port of the No. 5 cylinder. 
When these connections are installed, it is essential that the flexible tubing 
should be twisted up until tight in order to avoid leaks which may eventu- 
ally result in burned out tubing. In assembling on the engine, clamp one 
end of each tube and turn on the other end in a counter-clockwise direction 
until the tube is coiled up tight. Then tighten up the second clamp. It is 
possible to interconnect the throttle and the heater controls in such a way 
as to provide heat at part throttle and atmospheric temperature at full throt- 
tle. This connection may lead to considerable complication, however, and 
is not recommended.’ The heater should be controlled by a separate lever 
in the pilot’s cockpit. An adjustment is rarely necessary and is easily ac- 
complished by manipulating the separate lever. 
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Magneto Wiring. — The top connections “P” of the magnetos should he 
connected with insulated ignition wire, to the points on the grounding 
switch marked “R Mag.” and “L Mag.” The point marked “Grd” on the 
switch should he connected to the engine crankcase. These wires should 
all be clipped at suitable points to prevent them from chafing on the engine 
or engine mount. This precaution is most important, as the proper func- 
tioning of the engine depends on the contacts made through these wires. 
On these contacts is also dependent the safety of the ground force working 
about the engine in the belief that the magnetos are truly grounded when 



Fig. 788. — Installation of Wright “Cyclone” R-1750 Engine in Navy XPN12 Flying 
Boat, which Mounts Two of the Engines Between the Wings, One Each Side of the 

Hull. 

the switch is in the “off” position. If an inertia or electric starter is used, 
a booster magneto is not essential ; but it may be of considerable aid in 
cold weather. The booster magneto can be mounted in the cockpit, in 
which case the high-tension lead should be connected to the terminal “H” 
on the top of either magneto. The ground wire from the booster magneto 
should be connected to the terminal marked “Start” on the switch. If the 
booster is used from the ground, the high-tension lead should be inserted 
in the terminal marked “H” on one of the running magnetos and the body 
of the booster magneto should be grounded on the engine. In this case, the 
connection can be pulled out as soon as the engine starts and the magneto 
kept on the ground. 

Miscellaneous Connections. — The spark-advance levers on the magneto 
are connected by rods, ball joints, and levers to a cross shaft running 
through the rear part of the crankcase. The right-hand end of this shaft 
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is provided with a lever to which the control rod is to be attached. The 
movement of this lever is 56 degrees, the radius is 1 %g inches, and the hole 
in the end is drilled for a % G -inch pin. 

The two tachometer-drive connections will be found on the oil pump 
cover on the left-hand side of the rear section. These are of the U. S. Air 
Corps standard form with % inch- 18 thread. They rotate at crankshaft 
speed and, as viewed from the open end, in a counter-clockwise direction. 

Any one of several types of starters can be supplied with Cyclone en- 
gines, as desired by the customer. On all starters a hand crank is required 
which fits over a shaft and drives through a pin. In most cases, the hand 
crank is supplied with the starter, but it may be necessary to change its 
length to suit various installations* An outside bearing in line with the 
starter shaft will be necessary. This bearing should be rigid and have suf- 
ficient clearance to allow for a slight misalignment of the hand crank and 
starter shaft. With the inertia starters, a push-pull control is necessary to 
operate the engaging dog. This control can be led to the pilot's seat or 
brought out near the crank. When the engine fails to start, it is sometimes 
necessary to push the control in order to disengage the clutch. To do this, 
a rod mechanism is essential. The same installation is required with the 
worm type of starter. 

The propeller blade angles should be set to allow the engine to turn 
at approximately rated speed at full throttle, when the ship is in level 
flight. Other speeds are undesirable for several reasons. Low speed hold3 
down the power of the engine, causes excessive torque vibration, and 
increases the tendency to detonate. High speed subjects the engine to 
strains which will shorten its life. The installation of a Standard Steel 
propeller is shown at Fig. 788, this being a three blade type fitted to a 
Cyclone engine. The engine mounting shown is that used in the Navy 
XPN12 flying boat. A more complete consideration of propeller installa- 
tion will be found in the following chapter. 


QUESTIONS FOR REVIEW 

1. Name types of air-cooled engine mountings. 

2. Which is easier, nose or wing installation and why? 

3. What are principal requirements of engine mount? 

4. How is exhaust gas disposed of? 

5. Describe methods of cowling air-cooled engines. 

6. What is the N.A.C.A. cowling and what are its advantages? 

7. Outline steps in uncrating Wright J5 engine. 

8. What should be done preliminary to starting J5 engine? 

9. Detail method of starting J5 engine. 

10. What is the ground test of the engine? 
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INSTRUMENTS— PROPELLERS— REDUCTION GEARS— 
ENGINE STARTERS 

Aircraft Instruments— Engine Instruments— Airplane Control Aids— Airplane Navi- 
gation Aids — Special Airship Instruments — What Airplane Instruments Do- 
Typical Instrument Boards— Airplane Propulsion Methods— Cycloidal Propulsion 
— Propeller Development — Propeller Definitions — New British Variable Pitch 
Propeller— Screw Overlap in Multi-Engine Types— Monoid Propellers— Propeller 
Hubs— Fitting New Hub to Shaft — Design and Construction of Metal Propellers 
—Reed Metal Propellers— Manufacture and Tests of Reed Propellers— Standard 
Steel Propellers — Propellers More Efficient at Low Speeds — Airplane Propeller 
Drive Gears — Rolls-Royce Gear— Lorraine Planetary Gear — Self-starters for 
Aviation Engines — Engine Starting Methods — U. S. Navy Practice — Electric 
Starters — The Wright Hand Starter — Eclipse Aviation Engine Starters — BMW 
Hand Starting Gear — The Fiat Air Starter— Early Air Starting System — The 
Heywood Injection Air Starter — Eclipse Hand and Electric Inertia Starter Series 
VII— Eclipse Electric Starter-12 Volt — The Bristol Gas Starter— Eclipse Series 
6 Starter — Operation of Eclipse Series 6 Starter — Maintenance — Clutch Setting- 
Determination of Clutch Value. 

Aircraft Instruments. — An airplane or airship, has a wide variety of in- 
struments, some of which are merely modifications of devices previously 
used on automobiles and ships and a number that have been devised espe- 
cially to meet the peculiar operating- conditions found only in aircraft. For 
example, the tachometer that records the engine speed is a modification of 
the automobile speedometer, oil and pressure gauges are similar to like 
instruments in automobiles. The magnetic compass is a modified form of 
ship’s compass. Then we have that class of special instruments such as 
Bank and Turn indicators, earth induction compass, rate of climb indicator 
and air speed indicator that have been developed only for aircraft use. 

It is not possible, in a book of this general character to devote the space 
that would be necessary to describe completely the instruments, recorders 
and other devices that have been developed and found necessary in the 
operation and maintenance of military and commercial aircraft as a proper 
and adequate consideration of this subject demands a volume of its own. 
The design and correct application of instruments is work on which a per- 
son might specialize for a lifetime without exhausting its possibilities. The 
reader is referred to the treatise Modern Aircraft , a companion volume to 
this one and issued by the same publishers for a complete outline of aircraft 
instruments. Instruments, in the opinion of the writer may be classified 
as follows : 

(a) Engine Instruments: Switch, Ammeter (Battery System), Tachom- 
eter, Thermometers, Fuel and Oil Level Gauges, Fuel and Oil Consumption 
Gauges, Engine Gauges, Air Pressure and Oil Pressure Gauges, Super- 
charger Indicators. 
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(b) Airplane Control Aids: Bank and Turn Indicator, Rate of Climb 
Indicator, Pitching Indicator, Air Speed Indicators, Altimeters, Anti-Stall 
Devices, Gyroscopic Control. 

(c) Airplane Navigation Aids: Altimeter, Magnetic Compass, Earth 
Induction Compass, Gocrz Sun Compass, Sextants, Clock, Air Distance 
Recorder, Drift Indicator, Radio Directional Compass. 

(d) Special Airship Instruments: Manometers, Gas Pressure Alarm, 
Gas Leak Indicators, Gas Temperature Indicators, Statoscopes. 

From the foregoing it will be evident that no attempt has been made to 
classify instruments having to do with military activities or radio com- 
munications. A fully equipped military airplane for reconnaissance or 
bombing is really a flying laboratory and arsenal because in addition to the 



Fig. 789. — View from Pilot’s Seat in the Curtiss Robin Cabin Monoplane, Showing 
Excellent Vision and Neat Instrument Board Installation. 

instruments enumerated it carries armament, radio, camera, bomb dropping 
and sighting apparatus and other items not used in commercial aircraft for 
general applications. If operated at high altitudes, oxygen regulating and 
supply devices are necessary. 

The number of instruments used varies with the type of airplane. Some 
of the smaller commercial types of airplanes have obtained good results 
with a few good instruments. The illustration at Fig. 789 is a view from 
the pilot's seat of the Curtiss Robin cabin plane and shows the excellent 
vision afforded the pilot as well as the neat instrument board installation. 
In addition to the indirect lighted panel made by the Consolidated Instru- 
ment Company of America, Tnc., which groups an oil pressure gauge, a 
thermometer, tachometer and altimeter; a magnetic compass is mounted 
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above the front window and an air speed indicator is placed above the panel. 
At each side of the panel, levers to control the choke and radiator shutters 
are placed. Below the panel at the right is a handle controlling the gasoline 
feed while the magneto switch is placed at the left. An enlarged view of 
the indirect lighted instrument panel, which is used by a large number of 
commercial airplane manufacturers is shown at Fig. 790. The instruments 
used on a “sport” plane are few in number as shown at Fig. 790 A. The 
instrument board of the Keystone Pathfinder is shown at Fig. 790 B and is 
considerably more complete than the equipment of a small ship. 

The airplane is different from the motor car in that it is operated for 
the most part at the present time on uncharted airways whenever it de- 
parts from the few established airways that have been lighted and charted 
by the United States Air Mail or Army Air Service or that have been es- 
tablished by the Department of Commerce. For this reason large aircraft 



Fig. 790. — Consolidated Indirect Lighted Panel, Type A Groups AJtimeter, Ta- 
chometer and Temperature and Oil Pressure Gauges for Neat and Easy Installation. 

making long trips must have all of the instruments that are needed in 
Marine Navigation. As so much depends on the engine, or engines, as the 
case may be, the airplane pilot must have a series of indicating instruments 
\hat will show how the powerplant and its auxiliaries are functioning and 
all airplanes, even the smallest, should have at least a tachometer, thermom- 
eter and oil pressure gauge. A ship is navigated, when out of sight of 
landmarks by compass and sextant observations, but in addition to these, 
the navigator of an aircraft must also have instruments showing his direc- 
tion and speed of travel vertically as well as horizontally. The pilot may 
be operating his airplane in a heavy fog, or in the clouds where he can not 
always place reliance upon his senses so various instruments must be pro- 
vided by which he can be aided in controlling his airplane. The instruments 
used by Lindbergh on his New York to Paris flight are shown at Fig. 791. 

What Airplane Instruments Do. — The air speed indicator corresponds 
to the speedometer of an automobile and gives an indication of the speed 





AIRPLANE INSTRUMENTS 


1661 


the airplane is making, which taken in conjunction with the clock will make 
it possible to determine the distance covered at a flight. The altimeter, 
which is an aneroid barometer, outlines with fair accuracy the height above 
the ground at which a plane is flying. These instruments are furnished to 
enable the aviator to navigate the airplane when in the air, and if the ma- 
chine is to be used for cross-country flying, they must be supplemented by 
a compass and a drift set. It will be evident that these are purely navigat- 
ing instruments and only indicate the motor condition in an in- 
direct manner. The best way of keeping track of the motor action is to 
watch the tachometer or revolution counter which is driven from the engine 
by a flexible shaft. This indicates directly the number of revolutions the 
engine is making per minute and, of course, any slowing up of the engine 
in normal flights indicates that something is not functioning as it should. 



Fig. 790 A.— Instruments Used on Light Driggs Dart Sport Plane Include Those 
Absolutely Necessary for Flight. 

The tachometer operates on the same principle as the speed indicating de- 
vice or speedometer used in automobiles except that the dial is calibrated 
to show revolutions per minute instead of miles per hour. At a point con- 
venient to the pilot the spark advance and throttle control levers are placed. 
These, of course, regulate the motor speed just as they do in an automobile, 
and a typical installation is shown in the early part of the chapter at Fig. 
764, where they are mounted on the side of the fuselage adjacent to the 
pilot’s seat. In dual control double cockpit machines, two sets of instru- 
ments and engine controls are usually installed, though on large air liners 
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where the regular and relief pilots sit side by side, one set of instruments 
will suffice and the motor control levers are usually placed between but 
forward of the seats so they can be manipulated by either pilot. 

Typical Instrument Boards. — The instrument boards shown at Fig. 792 
are those of Fokker Universal monoplanes used by the Colonial Airways, 
Inc., these having practically the same instruments. The upper panel has 
magneto switch, tachometer, thermometer, od pressure gauge, air speed 
indicator, turn and bank indicator, earth inductor compass indicator, altim- 
eter, clock, compass controller, landing light switches, navigation light 



Fig. 790B. — Instruments and Control of Keystone Patrician Bi Motor Air Liner. 


switch and lights and rheostat for same. The panel shown below it has a 
different type of tachometer incorporating recording and indicating 
mechanism. In addition to the instruments shown on the upper panel, the 
lower one carries a flare testing and firing unit and a primer to facilitate 
engine starting. Combination instruments have been devised in which the 
various engine temperature and pressure recording gauges are combined 
in one panel to facilitate installation. This type of gauge replaces three 
separate round dial instruments and occupies a minimum of instrument 
board area. With a vertical dial tachometer this instrument forms a com- 
plete powerplant unit. The engine gauge is shown at Fig. 793 A and the 
internal construction is shown in the side view at big. 794. Another useful 
instrument is the distance type fuel level indicator shown at Fig. 793 B. 
The cut at Fig. 793 C shows the installation of the fuel gauge. 

The Pioneer Engine Gauge Unit is mounted in the instrument board in 
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Fig. 791. — The Instrument Board of Lindbergh’s Ryan Plane, “The Spirit of St. 
Louis," on His Epochal New York to Paris Flight. 
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the same way as any other vertical scale instrument. Pressure elements 
are fitted with % inch by twenty thread male connections. Run the fuel 
and oil pressure tubes from the proper places on the fuel line and engine to 
the back of the gauge, avoiding sharp bends and fastening securely at short 
intervals to prevent vibration. Slip a union nut over each tube and solder 
connection nipples to the tube ends. Nuts and nipples are standard tube 



Fig. 793. — Pioneer Engine Gauge at A Combines Pressure and Temperature Indi- 
cators. B — Distance Type Fuel Level Indicator. C — How Fuel Indicator is Installed. 

fittings and are not furnished with the Unit unless specially ordered. Clean 
and oil threads on the gauge connections. Tighten union nut until nipple 
seats properly to make a tight joint. Avoid excessive strain on the instru- 
ment. The bulb on the end of the thermometer tubing is fastened in the 
radiator or at any other point in the water or oil system where it is desired 
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to measure the temperature. The bulb is held in place by a clamp nut 
inch diameter by eighteen threads per inch which is screwed into a simi- 
larly tapped hole. Extreme care should be taken in handling the thermom- 
eter bulb and tubing. Be careful not to dent the thermometer bulb or bend 
the thermometer tubing too sharply. If the tube is too long, it may be 
coiled without affecting the accuracy of the instrument, but the coil must 
be carefully secured to prevent vibration from loosening the joints at the 
bulb or at the instrument. 
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Fig. 794. — Side View of Pioneer Engine Gauge with Covers Removed to Show Method 
of Combining Pressure and Temperature Indicating Instruments for Compact 

Installation. 

Airplane Propulsion Methods. — There are a number of ways proposed 
to obtain power in the form of thrust for aircraft propulsion, that commonly 
used being an adaptation of the screw propeller so generally utilized for 
ship propulsion, the length of the blades and their width being much greater 
than marine screws to compensate for the lessened density of the medium 
in which the airplane propeller must work. The characteristics of the en- 
gines used as well as the proportions of the aircraft and speeds they are 
to attain determine the diameter and pitch of the propeller. The reader 
who is not familiar with propeller nomenclature or action is referred to a 
very comprehensive chapter on the elementary theory of the screw propel- 
ler in Modern Aircraft , which is a companion volume to this treatise and 
issued by the same publishers. 

Reaction propulsion by means of rockets has been experimented with 
in Germany, this system doing away with engines altogether and in its 
theoretical conception promising great speed even in rarer atmosphere 
where the screw propeller could not be used at all. The idea of exploding 
charges of combustible element, such as gas or gun powder in a cylinder 
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and depending upon the pressure of the issuing gas stream to push a plane 
through the air is not a new one. Practical consideration shows that there 
ar<- many factors to he overcome before rocket or reaction propulsion can 
become a reality in aircraft though experiments made with automobiles 
have show'll that great energy is liberated by rockets and that the reaction 
is able to propel racing cars at high speed. 

The success that glider enthusiasts have had with their light, motorless 
craft has caused other inventors to envision trains of aircraft in which a 
towing airplane would pull numerous glider types through the air just as 
a locomotive now pulls a train of cars. Of course, there are many practical 
difficulties of controlling such a train that become apparent upon considera- 
tion. It is not likely that the screw propeller will be superseded by other 
means for a long time to come, and no better method of transforming the 
turning effort or torque developed at the crankshaft of the engine to the 
push or pull required to move aircraft through the air has been proposed 
that seems capable of such direct and simple application as the aerial screw r . 
Various arrangements of paddle wheels and wings which are to give 
combined supporting and propulsive thrusts have been patented by opti- 
mistic inventors to move dirigibles and planes through the air and even 
rapidly vibrating membranes and large pulsating diaphragms actuated by 
the engine have been proposed by others. Other systems call for mounting 
one or more turbine type air blowers at the mouth of a long tunnel to 
draw in a stream of air and force it through the tube to the rear of the 
craft and then depend on the reaction of the issuing air stream to force the 
airship fonvard, but this can be considered the equivalent, mechanically, 
at least, of the air propeller, which is a blower of the fan type instead of 
the enclosed rotor or centrifugal “squirrel cage” type. 

Cycloidal Propulsion. — A new method of aerial propulsion, applicable 
to both lighter-than-air and heavier-than-air machines, has been described 
by Frederick Kurt Kirsten, Professor of Aeronautical Engineering at the 
University of Washington, and was reported in Automotive Industries. It 
is known as cycloidal propulsion. As applied to a heavier-than-air machine 
it consists in the use of tw^o propeller wheels, one oil each side of the fuse- 
lage, at about the same points where the wings are usually located, these 
propeller wheels performing the functions of both the wings and the pro- 
peller of an ordinary airplane. Each propeller w r heel has a number of 
blades, mounted on the spoked wheel in such a way that they can rotate 
around their own axis. By means of gearing, the propeller w r heel is rotated 
around its axis, and each of the propeller wheel blades is rotated around its own 
axis at one-half the speed of wheel rotation. Thus, if the blade had a radial 
position when at the top of the wheel, it would have a tangential position 
when at the bottom of the wdieel and in the top position it would produce 
a propelling effort while in the bottom position it would produce very little 
drag. As a matter of fact, the blade gearing is so adjusted that the blades 
come into the radial — the most effective — position shortly after having 
passed through the top position, so that both a propelling and a lifting 
effort is produced. These tw^o components of the propeller force should, 
of course, be proportional to the drift and lift, respectively. A comprehen- 
sive test of cycloidal propulsion was conducted for the Bureau of Aero- 
nautics of the U. S. Navy. Tt is hoped that the test report to the bureau 
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will be published in the near future by the Engineering Experiment Station 
of the University of Washington. As shown in diagram at Fig. 795, it 
will be apparent that such mechanism involves more moving parts and will 
weigh considerably more than the conventional propulsive medium so its 
practical application seems rather doubtful to the writer as even if its 
efficiency is high, the mechanical complication will prove a drawback. 

Propeller Development. — This history of the development of the air- 
plane propeller is soon told. In 1909 the propellers used by the Wright 
brothers were of wood with wide paddle-like tips. The thrust loads were 
probably less than 100 pounds on each blade. In 1910 the favorite propeller 



Drive Gearing from Engine 

Fig. 795. — Cycloidal Propulsion Method Advanced for Aircraft is Unusual and Appears 

Complicated and Heavy. 

abroad was that used on the Voisin and Antoinette made with two steel 
stems extending each way from the hub, to which stems sheets of metal 
were riveted so the blade was like a willow leaf. These metal sheets were 
concave on the driving faces. The loads on these blades were about 50 
pounds. Farman also used a similar propeller in 1910. In 1912 we find 
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the laminated wood propeller coming in and entirely displacing all other 
types. No material change then occurred for ten years, even through the 
Great War, when the slightest improvement in performance would have 
been of value beyond estimate. 

It is proper, however, to mention that in 1913 the Garuda wooden pro- 
peller came into notice and had a considerable effect upon design methods. 
This propeller had a forward rake of the blades, which by balancing against 
centrifugal force relieved the bending stresses at the blade roots and made 
it possible to reduce some of the bulk with safety. It was always realized 
that metal would be superior to wood, but except for experimental types 
no metal propellers came actually into service until 1922, when the Leittner- 
Watts hollow steel blade propeller began to be used in England, and in March, 
1922, the U. S. Navy ordered six Reed duralumin propellers for Vought 
E7 Hispano service planes, and in 1923 the U. S. Army received for service 
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Fig. 796. — How Wooden Propeller Blade is Shaped at Various Stations Along Blade. 
Note Aerofoil Section at Different Points and Lessened Angle of Incidence as the Tip 

is Approached. 

a number of detachable duralumin blade propellers. It was evident that 
an entirely novel type of propeller had appeared, viz., the thin solid blade 
of forged heat-treated aluminum alloy. This is now fully recognized by the 
aircraft world as the first substantial advance in propellers since 1912. 

Propeller Definitions. — Before considering the constructional features 
of propellers used for the propulsion of aerial craft, it will be well to give 
some brief definitions. A right-hand propeller is one that when viewed 
from the rear, turns with the hands of a watch when driving the machine 
to which it is fitted ahead. Under similar circumstances a left-hand pro- 
peller turns against the hands of a watch to produce forward movement. 
If a right-hand propeller is turned toward the left, the effect will be to pro- 
duce a reverse movement of the object to which it is applied. The “face” 
of a blade is the practically straight hack surface, that which drives the 
fluid back while the screw is going ahead. The “hack” of the blade is the 
side opposite the face, and care must he taken to avoid confusion of terms, 
from the fact that the “face” of a blade is aft and the “back” forward. The 
back of the blade is usually a cambered surface. 

“The leading’ edge” of a blade is the edge which cuts the fluid first when 
the screw is turning ahead, while the “following edge” is opposite the lead- 
ing edge. The “leading edge” is usually curved more than the “following 
edge.” The “diameter” of a screw is the diameter of the circle described 
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by the tips of the blades. In symmetrical two- and four-bladed screws 
it is simply the distance from the “tip” or outermost part of one blade to 
that of the opposite member. The “pitch" at a given point of the face is 
the distance from the axis of the shaft which an elementary area of the face 
at the point, if attached by a rigid radius to the axis, would move during 
one revolution, if working in a solid fixed nut or nonresilient medium. 
The pitch may be different at every point of the face. If it is the same at 
all points we say that the pitch is “uniform.” If the pitch is greater along 
the following than the leading edge, it is said that the pitch “increases 
axially,” and if it grows greater as we leave the center we say the pitch 
“increases radially.” 

The “area” or “developed area” of a blade is the surface of its face, and 
the “blade area” of a screw, sometimes called its “helicoidal area,” is the 
amount of face surface of all its blades. The “disc area” of a propeller is 
the area of a circle described by the tips of its blades. The “boss” of a 
screw is the cylindrical center to which the blades are attached, and the 
“hub” is the metal clamp by w'hich it is attached to the revolving driving 
shaft. When a propeller is working with “slip” it advances during each 
revolution a distance less than the pitch, the difference between its actual 
advance and the pitch indicates the amount of slip. The “speed” of the 
screw is the distance it would advance in a unit of time, supposing it to 
be working in a solid nut. This is obviously equal to the pitch of the screw 
multiplied by the number of revolutions per unit of time. If the screw 
is held so that it can move only in a rotary direction as in the case when 
the propeller is turning but the airplane is held by “chock blocks” under 
the wheels, the column of fluid it sets in motion will only move. If the 
screw is operating in an immovable medium, the screw will move in a 
direction parallel to its longitudinal axis, as screwing a bolt into a piece of 
iron. If both screw and fluid are free to move, the degree of movement will 
depend upon the “slip” between the screw and the medium in which it 
works. For a more complete discussion on propellers, both elementary 
and practical, their care and methods of manufacture, the reader is referred 
to Modern Aircraft , a companion volume to this treatise and published by 
the same publishers. 

Propellers are made in two-, three- and four-blade types, the former 
being the most popular. A two-blade is the most desirable as it is the 
easiest to build and balance and the most efficient at high speeds. In order 
to hold down or utilize the full power of a large engine, it is sometimes 
necessary to use a three- or four-blade type because a two-blade form, 
suitable to absorb the power, would need excessive pitch or diameter. Pro- 
peller blades have been made of natural materials as wood or metal and 
synthetic materials, such as Bakelite or Micarta. As shown at Fig. 
796, the section of the blade varies at different points from the hub or boss 
to the tip, these sections usually having the same properties as aerofoil 
sections from which they are taken. The empirical rule that is followed 
usually in designing* either wood or metal propellers having two blades for 
use in the air is as follows: The diameter should be as large as possible 
compatible with the limits of design ; the blade area should be from ten to 
fifteen per cent that of the area swept; the pitch should be approximately 
four-fifths the diameter, and the speed of rotation should be moderate. As 
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the speed of rotation is increased, the diameter must be reduced. Maximum 
thrust effort will be obtained with large diameter and low speed. Airplane 
propellers were formerly invariably made of wood because this material is 
the one that has the greatest strength in proportion to its weight and has 
been found to lie the best adapted when constant changes are necessary 
as in experimental work. Commonly used woods in American manufactur- 
ing practice are Honduras mahogany, birch and white oak. Spruce, maple, 
cherry, ash and poplar are sometimes used. English practice favors ma- 
hogany and black walnut. A laminated blank has much greater strength 
than a solid piece would have owing to the method of so arranging the 
wood laminations that the grain of one crosses that of neighboring ones and 
also because woods of different weight and strength can lie used in the 
same propeller. These layers are glued together under pressure to form a 
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Table by Rathbun Showing Speed and Thrust of Some Typical Two Blade Propellers. 



PROPELLER DEFINITIONS 1671 

blank which is afterwards fashioned by hand tools or machinery to form 
the finished member. 

The fixed blade propeller is the form, either of wood or metal, in which 
the blades always bear a fixed angular relation to the boss and are per- 
manently attached to it. The pitch of such a propeller, unless warped or 
changed by accidental causes, always remains at the point determined when 
it was manufactured. The usual wood propeller or a Curtiss-Reed dural 
screw are “fixed” blade types. The adjustable pitch propeller is one in 
which the blades are manufactured separately from the boss or hub and 
are secured to it by such mechanical means as will permit the angle being 
changed by changing the relations of the blade to the hub. Some new 
metal screws such as the Standard Steel and Westinghouse Micarta blade pro- 
pellers have been devised following this construction which is a great 
advantage in experimental work. 

All adjustable blade propellers are variable pitch propellers but this 
term is usually applied to those types in which blade position may be 
changed by mechanical means while the aircraft is in flight, whereas the 
ordinary “adjustable” blade is not disturbed except for replacement or re- 
pair once the best setting has been found “Variable pitch” propellers may 
be changed while the screw is under power by suitable mechanism operated 
by the pilot, “adjustable” blade propellers must be stopped to alter blade 
position and such adjustments can only be made with the plane on the 
ground. 

A propeller having a variable pitch controlled by the pilot while in 
flight has the advantage of permitting thrust and resistance to be closely 
matched. For example, in altitude flying, the air is less dense and a greater 
pitch would be needed than when near the ground. They are heavier than 
fixed pitch blades and as they have considerable operating mechanism, this is apt 
to get out of order and it adds to the weight of the airplane. A reversible 
propeller is a form in which the position of the blades may be entirely re- 
versed by internal mechanism so the engine direction of rotation need not 
be changed to secure a propulsive force or a tractive force. They have re- 
ceived some application in marine service but manufacturing difficulties 
prevent their practical application in aircraft though they have been used 
experimentally in both airplanes and dirigibles. In dirigible balloons rever- 
sible profilers would jx*rmit of better maneuvering and would make quicker 
turns possible as well as exerting a braking effort when landing, while in 
an airplane, it is believed that reversing the propeller would act as an air 
brake when landing, though what would happen if the control was inad- 
vertently operated while the airplane was in flight is a matter of conjecture. 
Dirigible balloons can fly backward to a limited extent but an airplane is 
built to fly in only one direction and that is nose first. 

New British Variable Pitch Propeller. — A new variable pitch propeller 
for airplanes was described in a paper presented to the Royal Aeronautical 
Society of Great Britain, the authors of the paper. Dr. H. S. Hele-Shaw 
and T. E. Beacham, being the inventors of the device. The propeller has 
been developed to a* practical state by the Gloster Aircraft Co., and fitted 
to a number of different models of plane. The first design to be actually 
applied in practice was that for the Jupiter engine. The pitch of the blades 
in the propeller is varied by means of a double-acting hydraulic piston 
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operated by the oil pressure from a variable stroke pump driven by the 
engine. The stroke of the pumps is in turn controlled by a governor, also 
driven by the engine, so that whatever the air conditions may be, the pitch 
of the propeller sets itself so as to keep the engine running at a constant 
predetermined speed. 

Although the apparatus is automatic, the speed at which the governor 
operates can be altered by the pilot within certain limits by means of a small 
control lever. In other words, the pilot has it within his power to speed up 
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the engine and obtain extra power in an emergency, and also, on the other 
hand, to reduce his engine speed so that he may cruise at full throttle, this, 
of course, being the condition for minimum fuel consumption per brake 
horsepower developed by the engine. The pilot control lever alters the 
force on the governor spring and consequently adjusts the speed at which 
the governor operates. 

The principle of operation of the variable pitch propeller is identical 
with that of the hydraulic steering gear with the addition that the control 
is automatic. An important matter insisted upon by the Air Ministry is 
provision for any possible failure of the hydraulic system, for instance, if 
in a war machine the pipes were shot away. It is claimed that this condi- 
tion is satisfactorily met in the particular propeller referred to, together 
with the other two vital conditions of light weight and reliability. It may 
be added that one of these propellers has been 30 hours in flight at 
Farnborough — where it is being tested by the Air Ministry officials — with- 
out any suggestion of a breakdown. 

In the discussion of the paper (as reported in The Engineer) several 
speakers raised objection to the great weight of the variable pitch propeller 
but the authors made the statement that this would be reduced in later 
designs. Mr. Lynam, who is in charge of the Propeller Section of the Royal 
Aircraft Establishment, said that a great deal of the gloss was taken off 
the variable pitch propeller proposition by the weight. In many cases that 
annuled the advantages to be gained, and despite the success of the Gloster 
Hele-Shaw-Beacham propeller, he was not yet convinced that a very strong 
case could be made out for the variable pitch propeller, in general, for 
heavier-than-air craft. A good case, however, could be presented for this 
type of propeller on the airship. It appeared that the variable pitch propel- 
ler stood the best chance on geared engines when propellers of large pitch 
and diameter ratio and large surface were used. Mr. Lynam's remarks 
may be summarized by saying that unless by using a variable pitch propel- 
ler — and taking the weight of the propeller into account — we can obtain 
more power from the engine, and unless the additional power is gained 
at the rate of, say, one horsepower for two pounds weight, we should do 
better by putting that weight into the engine and using a fixed propeller. 

One of the things necessary, he said, was a metal for the blades very 
much lighter than was available today. The Gloster propeller for the 
“Jupiter” engine weighed about 180 pounds as against 100 pounds for a 
fixed propeller of the same size with substantially the same blades — solid 
duralumin. An increase of 80 per cent in the weight was caused by the 
introduction of the mechanism for varying the pitch of the blades. He did 
not believe any form of solid construction would ever give light enough 
blades; hollow construction would have to be adopted, at any rate, for such 
large engines as the “Jupiter.” Another means advanced for reducing 
weight was to depart from the practice of attaching the blade rigidly to 
the center. If the blade was hinged to the center, it became very much 
lighter. The hinge piethod was important and in fact absolutely necessary 
on aircraft of the La Cierva type, where the supporting element is really 
a four-blade propeller of very large diameter, but some difficulties will be 
present with high speed air screws as stops must be provided to limit the 
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movement of the blades if they are not rigidly attached to the hub and any 
form of hinge joint is introduced. 

Screw Overlap in Multi-Engine Types. — In designing multi-engine 
planes especially if metal propellers are used, care must be taken so the 
propellers will not overlap. For example, in a trimotor plane with one 
engine mounted on the fuselage and two carried outboard; one under each 
wing, the outboard motors should be so spaced that the disc area, or blade 
swept area of their screws should be clear of the slipstream resulting from 
the central propeller. Tf there is an overlap, there is an area of disturbed 
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Fig. 797. — S.A.E. Standard Dimensions for Taper End of Aero Engine Shafts. 

air in which each blade of a side propeller will move during each revolution. 
The air pressure will vary and consequently the variation in thrust from the 
undisturbed air to that of the central propeller slipstream cannot fail to 
produce vibratory stresses in the blades. If wood propellers are used, much 
of this vibration will be absorbed by the material of which the blade is com- 
posed. If metal blades are used, the stress will be transmitted along down 
the blade to the point of attachment at the hub. Tf this is weakened by holes, 
there may be a very slight movement, that repeated 3,000 times per minute, 
will in time fatigue the stressed metal. Metal propeller failures have always 
taken place at the point where the greatest stress-was not adequately re- 
sisted, or in the center portion. 
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When two engines are mounted tandem, the disc area of the rear pro- 
peller should be such that it will lie entirely within the slipstream of the 
front propeller. In such installations the tractor screw is sometimes of 
lesser pitch and greater diameter than the pusher screw, which must work 
in disturbed air. Overlapping is not common in twin-motored airplanes 
where each engine is carried outboard because the fuselage usually comes 
between the engines. In seaplanes, where the engines are carried above the 
boat hull there is also an appreciable space between the power units and the 
disc areas of the screws are separated by a corresponding space. The air 
screws of trimotored airplanes that may appear to have an overlap when 
viewed from the front may have no real overlap because the front engine 
may be located far enough forward so its slipstream will have necked 
down before the side propellers can intercept it. The amount of this 
diminution in slipstream area may be taken as 80 per cent of the diameter 
at a distance of 50 per cent of the diameter or more back of the propeller. 
The nature of the stresses set up in the after propellers of an overlapping 
combination are analogous to those set up in the after propeller of a tandem 
combination when in the latter case a sufficiently small diameter to prevent 
the tips from extending outside of the slipstream is not provided. It has 
been stated that this point has been taken intp consideration in designing 
the latest Ford-Stout trimotored all metal monoplanes and other airplanes 
using three motors and that the wing supported motors are carried out 
far enough so there will be no contact of their blade tips with the slip- 
stream of the central and forward screw. 

Monoid Propellers. — The Monoid propeller was developed and perfected 
by Spencer Heath, whose name has been synonymous with airplane propel- 
ler development. Fully acquainted with the shortcomings of the old time 
lumber propellers Mr. Heath started more than three years ago experiment- 
ing with moulded, plywood propellers. In September, 1926, these were 
tried on ships under actual flying conditions. Since that time, Monoids, 
in the limited quantities that it was possible to produce before installation 
of special machinery and other equipment, have been used on planes of 
leading aircraft manufacturers. So successful have been the results with 
this new product and so widespread the interest and inquiries that the 
Paragon Engineers, Inc., are centering their manufacturing resources on 
the Monoid, alone. The Monoid is constructed from a large number of 
very thin layers of wood, principally birch, machine formed and tapered in 
such a manner that when the entire number are assembled and impregnated 
with water-proof cement, under pressure, in a specially prepared mould, 
Lhe resulting product is a completely formed propeller substantially with- 
out external carving of any kind. The tapered layers of wood are so laid 
that the direction of their fibers alternate at a considerable angle between 
adjacent layers, thus giving a cement impregnated, interlaced fiber construc- 
tion, which besides holding its shape perfectly, under all conditions, is 
almost indestructible in the ordinary sense of that term. While accom- 
plishing these result^ the weight, including metal sheathing on the leading 
edge of high nickel alloy, is from fifteen per cent to 30 per cent less than 
propellers of ordinary lumber construction. 
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Propeller Hubs. — The engine crankshaft ends of small and medium 
powered engines are usually tapered and the propeller hub to fit has a 
corresponding taper. The drive is taken by one or two substantial keys 
in the shaft end which fit corresponding keyways in the hub. The hub is 
forced on the taper by a compression nut and a nut lock is always provided. 
The suggested S. A. E. standard for taper shaft ends is shown at Fig. 797. 
In some engines of foreign design, the drive end of the shaft is flanged as 
shown at Fig. 798 and engages the propeller hub directly by means of short 
countersunk head driving bolts as shown. The hub is centered by a flanged 
shoulder which fits a corresponding annulus in the engine shaft flange. 
This method of propeller hub retention is considerably lighter than the 
other and more common system. 



Fig. 798. — Propeller Hub of German Design is of Light but Strong Construction and 
Attaches to a Flange on Crankshaft. 

Two practical and widely used forms of propeller hubs are shown at 
Fig. 799. That at A is the split hub used in connection with Standard 
Steel adjustable and removable blade propellers to be described. It is made 
to fit the standard splined shaft end and is centered by conical members. 
It is held in place by an externally threaded nut that fits the shaft end 
and is locked in place by a large split pin passing through the hub and the 
lock nut. The construction shown at Fig. 799 B is that used on Napier 
Lion engines. In this case the propeller lock nut is an internally threaded 
member and locked by a sheet metal stamping as shown. The lock nut has 
the centering cone integral and the movable flange is locked in place by a 
separate lock nut. The fixed flange, that forms part of the hub is the one 
nearest the crankcase. The inside of the hub is serrated or provided with 
long teeth or splines to mesh in the spaces between the splines on the 
engine crankshaft. The wooden propeller drive is by a series of eight sub- 
stantial bolts that draw the hub flanges tightly against the propeller boss. 
In some cases, as in the propeller hub of the Fiat A20 and various other 
engines of both domestic and foreign manufacture, one of the propeller 
hub flanges is marked with timing index marks as shown at Fig. 800. In 
the hub shown, the drive is by interlocking splines in the hub and on the 
engine shaft. The fixed end of the propeller hub in the Fiat design is at 
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Fig. 799. — Propeller Hub Construction. A — Two-Piece Vertically Divided Hub for 
Standard Steel Two-Blade Propeller. B — Removable Flange Hub of Napier “Lion” 
Engine is Typical of Modem Practice When Wood Propellers are Used. 

the front, whereas in most other applications it is at the end of the hub 
nearest the crankcase and the movable flange is at the front. The reverse 
mounting, as shown, means that the hub must be removed from the engine 
shaft to remove the propeller and this is good practice in any event because 
some believe the propeller assembly should always be balanced before use, 
if a new propeller is mounted on a hub to replace a damaged one. If the 
hub can be left mounted, the temptation is strong to just replace propellers 



Fig. 800.— Propeller Hub Construction Used on Fiat Aero Engines is a Simple, Strong 
Type and Has Timing Index Marks on One of the Flanges. 
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by taking off a front mounted flange without balancing the assembly. The 
propeller hub is provided with the female seating of the centering cones 
and one of these cones is mounted on and screwed in with the internally 
threaded locking nut. A sheet steel nut lock is provided to prevent loosen- 
ing of the assembly. The markings for timing make it imperative that the 
propeller hub be replaced on the engine shaft always in the same position 
it occupied before removal. The marking O must be matched up, both on 
the engine shaft, the hub and its removable flange. 
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The S. A. E. Standards for splined shaft ends are shown at Fig. 801 and 
for hub interiors at Fig. 802. The No. 1 taper previously shown is for low 
power engines, the No. 2 taper shaft end is for engines similar to the 
Wright “Whirlwind" and Curtiss C6, though all indications point to the use 
of the splined shaft with centering cones on all except the smallest engines 
of 100 horsepower or less. The threads generally used on the No. 1 taper 
shaft end are lj4-inch — eighteen (external) American Standard N. F. or 
1 ^ 0 -inch — 24 (internal) American Standard N. F. The thread in general 
use on No. 2 taper shaft end is l% 6 -inch — twelve (external) American 
Standard N. F., the abbreviation indicating National Fine pitch. The 
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thread in use at present on the No. 20 shaft end is 2}4 — twelve American 
Standard (NF), pitch diameter 2.070 + 0.000, — 0.002. The thread sizes 
in use for shaft No. 30 are 1 /& — sixteen internal thread American Standard 
(NF) class 3 on the Pratt & Whitney Was]) engine; 2% (i — twelve external 
thread American Standard (NF) on the engines of the Wright Aeronautical 
Corporation; and 2/s — twelve external thread American Standard (NF), 
pitch diameter 2.320 + 0.000, — 0.002, on the Chieftain engines manufac- 
tured by the Curtiss Aeroplane & Motor Co. The thread on the No. 40 
shaft end as now generally used is 27/s — twelve American Standard (NF), 
with a pitch diameter of 2.820 + 0.000, — 0.002. The threads on these shaft 
ends are now under consideration by the Aeronautic Division for standard- 
ization. 
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Fitting New Hub to Shaft. — When fitting new hubs, they should be 
“lapped” to the shaft to secure a proper fit of the tapers. Remove the key 
retaining screws and the hub drive key. Use a paste of light oil and valve 
grinding compound. Turn the hub around on the taper, removing it fre- 
quently and cleaning off old abrasive and supplying new. When a full 
seating is shown, the hub should be further lapped so it will be about .001 
inch tighter at the large end of the taper than at the front end. This is 
done by cleaning off the large end and lubricating it with light machine oil 
and apply the abrasive only to the small end of the taper. Check the 
progress of the work by washing off the oil and abrasive occasionally and 
by testing the fit with Prussian blue. The final result should be reached 
when the color will spread thin at the large end but remain heavy at the 
small end of the taper. To mount the hub, insert it in* boiling water for two 
or three minutes to heat it and expand the bore slightly, then tap it lightly 
in place on the shaft after the key has been put in place and immediately 
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apply the retaining nut and screw it tightly in place. Then apply the lock 
nut by screwing it into the shaft until it bears against the flange cm the 
retaining nut. Apply the lock wire, being sure the tongue is long enough 
to project through both nuts. Be sure there is a clearance of at least .010 
inch between the top of the key and the bottom of the keyway in the hub. 
This method involves removal of the hub from the propeller, but the 
assembly should have been previously balanced and the propeller installed 
in the hub in the same position it was before removal. Propellers are often 
balanced on special mandrels or arbors and this procedure is satisfactory 
in practice because there is very little chance of the hub, which is machined 
all over, being out of balance and the lack of balance is usually due to the 
blades. 

Design and Construction of Metal Propellers. — The Navy Department 
Bureau of Aeronautics in Technical Note No. 161 has covered the subject 
of metal propellers in a very thorough manner. The paper was prepared 
by Lieutenant-Colonel Winston A. Bristow, a well known English authority 
on aviation. The following excerpts will be of interest to the student or 
general reader. 

It may be as well to set out some of the changes that have taken place 
in the factors governing propeller design and construction during the past 
ten years. The chief appear to be as follows: 

(a) The increase of top speeds from about 400 feet per second to 'veloci- 
ties approaching, and even exceeding, the speed of sound. 

(b) The difference in the maximum power absorbed per blade which 
has increased from 50 brake horsepower to 575 brake horsepower or more 
coincidentally with a demand for higher factors of safety. 

(c) The advent of the supercharged engine as a proved and practicable 
proposition, and consequently the necessity for a propeller of variable pitch. 

(d) The demand for maximum performance either as to height or 
climb, or a compromise within fine limits, or the necessity for making small 
alterations after trial, thus involving the use of propellers with adjustable 
blades. 

(e) Aircraft now operate in almost any weather and are often required 
to fly through rain or hail This factor has exposed the extreme vulner- 
ability of the wooden propeller in this respect. 

(f) Commercial and military aircraft are now stationed for long periods 
in tropical countries. Climatic conditions are all against wood and glue 
and transport and storage considerations are greatly simplified by the pro- 
vision of propellers of adjustable pitch and having detachable blades. 

In view of the above it would be clearly impossible to introduce at this 
date propellers of wood if metal propellers were already in general use. 
Anyone proposing to substitute wood for metal would be regarded as a 
dangerous person. So great, however, is the conservatism of mankind 
generally, that wooden propellers continue to be specified, and the advo- 
cate of the metal propeller is often looked upon as an experimentalist to be 
regarded with extreme suspicion. 

Consideration of, all the evidence in respect to the requirements to be 
met in the design, construction and operation of propellers leads Lieutenant- 
Colonel Bristow to the following conclusions : 
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(1) That by reason of the changed conditions set out in the beginning 
of the paper, wood can no longer be considered as a suitable material 
for aircraft propellers. 

(2) That steel is the most advantageous substitute from the engineer- 
ing standpoint, and it also has the advantage of being a home 
product. (This refers to England.) 

(3) That the hollow laminated steel blade can be satisfactorily con- 
structed in such a manner that its tensile strength is sufficiently 
great to allow it to deal with the inertia and other forces of the 
great majority of propellers up to top speeds of about 960 feet per 
second. 

(4) That for speeds beyond this there is at present no alternative to the 
light alloy propeller and that those of the Reed type have proved 
themselves efficient and able to withstand top speeds beyond the 
speed of sound and to absorb very high power outputs. 

(5) From primary considerations and from actual experience it is con- 
sidered that it will be found desirable in future in the case of dura- 
lumin propellers to make the blades detachable and the hub of 
steel. The more duralumin is worked the stronger it becomes; 
therefore, the hub and blade roots which should be the strongest 
are at present the weakest. This introduces variations in strength 
which could be mitigated by using rolled plates, the thinner the 
better. It must also be taken into consideration in designing the 
hub that duralumin is weaker than steel, weight for weight, and 
it is only when the very serious centrifugal load is added that dura- 
lumin becomes the more favorable material. There is, of course, 
no need to make the hub specially light, as the centrifugal stresses 
due to its own rotation are negligible. 

(6) it is impossible to make any hard and fast statement as to which 
type of propeller will be the lightest for a particular job. Solid 
duralumin is heavier, size for size, than hollow steel, viz.: 1.9 to 1.3 
taking wood as 1. This is roughly approximate for propellers up 
to about eleven feet in diameter. Beyond this length steel becomes 
relatively lighter and wood and duralumin increase approximately 
according to the cube law in the case of solid and the square law 
in the case of the hollow construction. Duralumin, therefore, is 
heavier than steel in some sizes and lighter than steel in others. 
In the case of the Leitner- Watts Condor steel propeller which is 
eighteen feet in diameter this is lighter than if made in duralumin, 
but if the engine is run ungeared a duralumin propeller becomes 
possible and would be lighter. 

(7) The case for metal as against wood does not rely upon performance, 
it is satisfactory to note, however, that in a long series of inde- 
pendent tests carried out both at Karnborough and McCook Field 
metal propellers gave the better performance. 

(8) There is every indication that the military aircraft engine of the 
future will be provided with some type of supercharger necessi- 
tating a variable pitch propeller. This will rule out entirely any 
propeller of the integral type whether of wood or metal, and the 
ultimate propeller must have separate metal blades. 
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(9) Quite apart from military considerations there are the fundamental 
aerodynamic factors governing the changes in the speed of a pro- 
peller during the taking-off and flying periods and their important 
influence on the design and performance of the aircraft itself. A 
proper solution of the difficulties these present in the opinion of 
some authorities can only he obtained by the employment of a pro- 
peller of variable pitch, i.e., variable in flight either automatically 
or at the will of the pilot. Each of these two types has been de- 
signed, and in some cases tested with most encouraging results. 

Reed Metal Propellers. — Dr. S. Albert Reed, the inventor of the Reed 
metal propeller has furnished the writer with considerable data relative to 
the development and characteristics of the various types of metal propellers 
bearing his name. The Reed propeller is an aircraft propeller with solid, 
thin and almost knife-like blades of forged or rolled duralumin, which alloy 
has about the same specific gravity as aluminum and the strength of mild 
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Fig. 803. — Various Practical Types of Curtiss- Reed Duraluminum Propellers. A— 
Forged Type for Steel Driving Hub. B — Latest Forged Type with Integral Driving 
Splines for Direct Seating on Engine Shaft. C — Twisted Rolled Blank Type with 
Filler Blocks for Use in Typical Wood Propeller Hub. D — Biplane Type Using 
Superposed Type D Propellers. 

steel. Such propellers made in a single piece have been manufactured in 
the United States by Mr. Reed and his licensee, the Curtiss Aeroplane & 
Motor Co., Inc., since 1921, and since 1923 two other companies have manu- 
factured propellers having detachable blades of the Reed type which are 
anchored in a steel hub. Since 1923 Reed propellers have been made also 
in Europe, by five aircraft and metal concerns. The outstanding achieve- 
ment in the development of the Reed propeller was not merely the substi- 
tution of metal for wood but a substantial improvement in the aerodynamic 
efficiency. The problem was to make a propeller with blades of thin sec- 
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tions which would not change their pitch, either permanently or in the 
character of oscillatory change or flutter, and this was accomplished in 
1920 after several > ears’ experience with models. 

The centrifugal force of each blade of a ten foot propeller at 1,800 r.p.m. 
is roughly about fifteen tons at the hub. The thrust or pull of such a 
propeller driven by a 400 horsepower engine is about 1,000 pounds (i.e., 
500 pounds for each blade). On account of the inherent rigidity, together 
with the restoring component of centrifugal force, the forward tip deflec- 
tion in flight, due to thrust, is usually less than one inch, either with a 
wood or a metal propeller. The aluminum alloys used for Reed propellers 
are the following: — Baush duralumin; Vickers duralumin; Duren dura- 
lumin; Aluminum Co. of America 25 S; Schneider & Co. (France), Alfor- 
ium, and Metallbank und M G. (Germany), A eron. 

The present 1) type of propeller is a refinement of the original Curtiss- 
Reed Propeller which was tested in F*21. it is made from a flat slab of 
duralumin, machined to the proper contour and twisted to the required 
pitch. The conventional type of engine hub is used, with wooden filler 
blocks used as spacers between the face plate and the blade. Careful 
refinement of design eliminates any danger of failure at the hub bolt-holes. 
This form is shown at C, Fig. 803. This type of propeller first received 
official recognition in 1923, when the Curtiss-Navy racers which took first 
and second places at record-breaking speeds in the Schneider Cup Race in 
England, and the Navy-Curtiss racers which duplicated this feat in the 
Pulitzer Race in the United States, were equipped with Curtiss-Reed Pro- 
pellers. Military and commercial services alike were quick to appreciate 
their remarkable performances, and by 1925 the value of the Curtiss-Reed 
Propeller had become so definitely established that the Collier Trophy, 
given annually for the most valuable contribution to aeronautics, was 
awarded to Dr. Reed. Today there are several thousand Curtiss-Reed D type 
propellers in service in the United States and abroad, with a total flying 
time of considerably more than a million hours, which figure is increasing 
daily. 

To meet the requirements for an exceptionally efficient propeller, of 
great strength and capable of withstanding high speeds, the “R” type of 
Curtiss-Reed Propeller has been developed. Jt has been made in two 
forms, one adapted for the use with a flanged hub as shown at Fig. 803 A, 
the other has splines directly hi the boss, as shown at Fig. 803 R. This 
propeller is a die-forging from a solid ingot of aluminum alloy. This 
method of manufacture permits the carrying of the true blade angles di- 
rectly into the hub, and combined with the thin blade sections inherent in 
all Curtiss-Reed types, provides high propeller efficiency. The usual type 
of engine hub is entirely done away with, and the propeller is either splined 
directly to the crankshaft or fitted with a steel sleeve which is keyed to the 
crankshaft. There are no hub bolt holes in the latest form and the solid 
rugged hub provides exceptional strength and rigidity, as well as eliminat- 
ing much of the noise which is characteristic of some m#tal propellers. The 
Curtiss-Reed propeller has many record-breaking performances to its credit, of 
which the most recent are the winning of the 3927 Schneider Cup Race by the 
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British Supermarine seaplane at the tremendous speed of 281.6 miles an 
hour, and the subsequent establishment of a new world’s record of 298.8 
miles an hour by the Italian Macchi seaplane. The Macchi propellers were 
built by the Curtiss Company. The “R” type of propeller is now being 
furnished in large quantities to the U. S. Army, Navy, Marine Corps and 
National Guard, for use on the latest types of military aircraft, where high 
performance and reliability are vitally necessary. It is also being widely 
adopted by commercial manufacturers and operators who are desirous of 
having the most efficient types of propellers on their aircraft. 

The first type of Curtiss-Reed propeller was known as the Z1 and was 
first flown August 30, 1021, at Curtiss Field, by C. S. Jones, the Z2 in June, 
1923. Attention of the aircraft world was soon attracted by the outstanding 
features of type Z, its superior performance, its ability to give good per- 
formance at high tip speed, its superior conduct in bad landings, its superior 
durability, and its superior resistance to vicissitudes of climate and weather. 
In fact here was a type which not only seemed to solve the metal propeller 
problem but also aerodynamically marked a very substantial advance in 
efficiency. Propeller efficiencies had been 7 5 per cent to 80 per cent. Type 
Z propeller efficiencies were from 80 per cent upwards. 

The three kilometer record, held till recently by Bonnet in France, was 
won in a Bernard Hispano plane with a Z1 propeller made in the United 
States by Curtiss. The Italian Macchi-Fiat Schneider winner of 1926 used 
Z1 propellers made in the United States by Curtiss. The British Super- 
marine-Napier Schneider winner of 1927 used a Fairey-Reed Z1 propeller 
of type D made by Fairey of England. The Halian-Macchi-Fiat three- 
kilometer winner of 1927. flown by de Bernardi, November 5, used a Z1 
propeller made in the United States by Curtiss and achieved a speed re- 
ported at 298.7 miles per hour. In addition many remarkable long distance 
records including Byrd’s North Pole and Lindbergh’s New York-Paris flight have 
been made all over the world with regular service propellers of type Z. 
The efficiency of these wonderful racing propellers is estimated at more 
than 87 per cent. Any mechanical device which functions to 87 per cent 
efficiency ranks in the first row, and with only thirteen per cent left the 
probability of further improvement is not great. 

To determine actual flight efficiency of a propeller a thrust meter flight 
attachment is necessary, and so far none has been produced meeting all 
requirements, but it is understood that the U. S. Army Air Corps engineers 
will soon have one which is satisfactory and we will then have exact data 
on propeller cffiiency in actual flight. Theoretical reasoning seems to show 
that low pitch ratios are less efficient than high, and this argument is used 
to favor the geared drive over direct drive for high speed engines at low 
flight speeds. The basic data of the mathematical reasoning on this subject 
are not very exact, and future experimental data with the new apparatus 
may be desirable. The body interference factor of course is less favorable 
with the small diameter propeller. With these new facilities for propeller 
research provided by the U. S. Government, the Aircraft Industry will be 
able to prosecute individual investigations of value, relating to propellers. 

Manufacture and Tests of Reed Propellers. — Z1 propellers are either of 
1 the D type, made from rolled plates twisted at the center to establish the 
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maximum pitch angles close to the hub and adapted by the use of filler 
blocks to be mounted on the same hubs used for wooden propellers ; or A 
type — the same as I> — but mounted on a special steel hub and avoiding 
the circle of bolt holes necessary in 1) type — or else of R type from a forged 
bar and with die forged centers. In both cases the blanks come from the 
metal works in annealed condition and are heat-treated or aged after twist- 
ing. In Europe, where the Reed patents are cpiite generally observed, only 
the D type of Z1 is so far manufactured by licensees. Z2 blades are die 
forged, with pitch angles complete, from forged bars and then heat-treated 
or aged. There has been a troublesome early stage in the history of pro- 
duction of these die forgings, which have to comply with rigid Government 
requirements and inspection. Many rejections have now led to a mastery 
of the subject by the manufacturers of the alloy. Die forging processes 
of this type need close supervision to avoid errors of manipulation which 
may result in locally inferior physical qualities escaping routine inspection. 
The rolling process, producing plates of uniform thickness from which the 
propeller blanks are afterwards made, is of a more routine character and is 
less likely to experience errors in manipulation leading to locally inferior 
physical qualities and to some extent a propeller made from a rolled plate 
may be preferable. An intelligent and capable metallurgical expert depart- 
ment head is now really a necessity for any manufacturer of light alloy pro- 
pellers. Recently the extrusion method of producing from the ingot the 
bars used in the die forging has been undertaken and it is believed will 
result in more reliable forgings. 

Recently special deflection tests have been made at McCook Field 
and at the Curtiss factory to determine what the deflection would be with- 
out the straightening influence of centrifugal force. In these tests the 
propeller was supported with its huh on a block and with driving face up 
and blades were then loaded with a distributed load equivalent to the cal- 
culated service thrust loading, and the deflections noted. It was found that 
a ten foot type Z propeller for Liberty engine deflected ten per cent of the 
blade length and a ten foot wooden propeller for Liberty engine deflected 
about three per cent. As neither propeller in flight would probably have a 
tip deflection over one per cent of the blade length, it is obvious to what 
degree centrifugal force is an essential element in each type and this degree 
may be taken as a measure to define what is meant by the term thinness as 
applied to a blade. In that sense “thin blade” means thin with relation to 
its intended thrust load. The blade of a ten foot Liberty propeller has a 
thrust load of about 500 pounds and a centrifugal load of over ten tons. 
The blade of an electric fan may be only Vio inch thick but as the thrust 
load on the blade is less than a pound, the blade is not a thin but a thick 
blade in the above sense. 

In Aviation* April 25, 1927, Dr. Reed described a novel arrangement 
of two Z1 type propellers mounted on the same hub, in tandem, with the 
blades parallel, making a biplane arrangement as shown at Fig. 803 D. This 
propeller had a successful ten-hour whirling test at McCook Field with 50 
per cent overload, and was flown at Curtiss Field with excellent perform- 
ance. It is equivalent to a regular four blader, and has the same effi- 
ciency, even with only four inches interspacing. The plan had already beenr 
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worked out by Dr. Reed in 1922, and a three foot model tested in the 
wind tunnel at Stanford University by Professor Lesley, and there has 
been some surprise expressed at absence of blade interference. To mount 
two propellers made “in tandem” on the same hub, without increasing the 
overhang, is especially easy with the Z1 propeller of D type made from 
rolled plate and twisted at the center. There are special conditions where 
this type is likely to be of much importance. 
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Fig. 804. — Split Hub Construction for Two-Blade Standard Steel Propeller. 


Standard Steel Propellers. — The Standard Steel Propellers are different 
from all earlier types of propellers in that they are made up of an alloy 
steel huh and detachable aluminum alloy blades which can be adjusted 
for pitch. The hubs are made in two parts as shown at Figs. 804 and 805 
being split down the center of the hub barrel in the plane of revolution. 
The two halves are held together by clamping rings at the end of the hub 
barrel and by the retaining nut which holds the propeller on the engine 
shaft. For convenience in assembly two small cap screws are provided 
at the center of the hub to hold the two halves of the huh together, prior 
to assembly on the engine. All blades are made interchangeable as to 
balance at the factory, so that a damaged blade can be replaced by a new 
one and the propeller will still be closely in balance. As a final adjustment 
of the balance a mandrel is passed through the center of the hub and the 
propeller is suspended on knife edges. With the blades in a vertical posi- 
tion, the clamping ijngs are shifted by turning them slightly on the hub 
barrel until the balance is perfect. All centrifugal force on the blades is 
resisted by the substantial collars on the ends of the blades, which fit 
against corresponding abutments in the huh forging as shown at Fig. 806. 
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A typical two Made assembly is shown at the top of Fig*. 806. The driving 
forces against the Made end are taken by the long- blade socket of the hub. 

Too much care cannot be given to balancing a propeller. A metal 
propeller, properly balanced should run very smoothly, insuring comfort to 
the pilot and relative freedom from maintenance difficulties due to vibration. 
Not all vibration, however, can be blamed on the propeller, because faulty 
carburction or distribution will also cause it, particularly in metal struc- 
tures. Setting the pitch of the propeller where a checking plate and pro- 
tractor are available, the pitch angle of the propeller may lie set by laying 
the assembled propeller on the checking plate with the flat face of the 
blades up, and loosening the clamping rings. The pitch may then be adjusted 
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Fig. 805. — Split Forged Steel Hub for Three- Blade Standard Steel Propeller Showing 

All Parts. 


by tapping the blades with a leather or rubber mallet until the desired 
angle is obtained. The fit of the blades in the end of the hub next to the 
engine is made free so that it is unnecessary to loosen the cap screws 
which hold the two halves of the hub together. 

In order to facilitate setting the pitch where no checking plate is avail- 
able, and to make it possible to adjust the pitch without removing the pro- 
peller from the engine, a scale is marked on each end of the hub and a line 
scribed on the Made. This scale reads the angle setting of the blade in 
degrees at the 42-inch radius and is shown at Fig. 8015. To set the pitch 
without removing the propeller from the engine it is only necessary to 
loosen the two clamping rings and tap the blades with a leather or rubber 
mallet until the scale reads the desired pitch setting. A useful rule to 
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apply in adjusting* the pitch on propellers for Wasp engines as an example 
is the following: — Change the pitch by one degree for each 60 r.p.m. by 
which it is desired to change the engine speed at full throttle; to slow 
down the engine, increase the pitch setting; to speed up the engine, de- 
crease the pitch setting. Special propellers are needed for each engine 
though the general construction is the same for all sizes. Once balanced 
a propeller should need little attention to balancing until enough metal has 
been eroded or chipped away to change the weight distribution. This 
condition is apparent as soon as it occurs and the remedy is obvious. 



Fig. 806. — Standard Steel Two-Blade Propeller Assembly Shown at Top. Part Sec- 
tional View Below it Shows Method of Blade Retention. Bottom View Shows 
Markings on Blade and Hub Flange to Aid in Setting Blade Pitch. 

Whenever there is any sign of pitting at the leading edge of the blade, 
it must be attended to immediately. If the pitting is at all bad the rough 
edges must be smoothed down with a fine file, the whole leading edge 
smoothed down with emery cloth and finished with crocus cloth. However, 
the file should be avoided if possible and be used only when the pitting is 
so extensive as to make its use necessary. Occasionally, when severe 
pitting occurs, it may be necessary to remove so much material that the 
propeller becomes imbalanced. This condition must be watched for and be 
corrected if it occurs. Ordinarily, propellers are issued bright — that is, 
without either paint or protective coating. The best protection for the 
metal is a thin coat of oil, which should be applied by wiping the blades 
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with an oily rag 1 . This can be clone best after the tips have been touched 
up with the emery and crocus cloths to remove roughness. 

When blades are damaged, due to bad landing, etc., it is often possible to 
straighten them so they may be continued in use. Jn order to do this, 
however, the blades have to be annealed first, and heat treated again after 
straightening. The blades must then be etched with a suitable solution and 
carefully examined for cracks before being put back into service. On 
account of the equipment required to straighten these blades, they should 
be returned to the factory where the work can be properly done for a 
reasonable charge. 

Recommended diameters for Standard Steel Propellers for Pratt & 
Whitney “Wasp” engines at different airplane speeds are given below. 
These diameters are correct when the full power of the engine is used 
and the pitch is adjusted to allow the engine to turn 1,900 r.p.m. at full 
throttle. 


Speed of the airplane in miles per hour.. 

60 

80 

100 

120 

140 

loo 

180 

200 

Diameter for a two- blade profiler . . . 

12' 

irr 

11' 

lO'O" 

10' 

9'9" 

9'o" 

9'3" 

Approximate weight of each blade 

41 0 

38 0 

33.0 

20 5 

27 0 

25 ( > 

24 3 

23.0 

Diameter for a three-blade propeller 

ir 

10'9" 

10' 

9'0" 

9'3" 

8'9" 

8V 

8'3" 

Approximate weight of each blade 

33 0 

31 3 

27 0 

24.3 

23.0 

21.3 

20.3 

19.3 


Approximate weight of two-hlacle huh — 25.5 lbs 
Approximate weight of three-blade huh — 42 lbs. 


Below are the diameters recommended for Standard Steel Propellers for 
the Wright “Cyclone” engines at different airplane speeds. These diam- 
eters are correct when the full power of the engine is used and the pitch 
is adjusted to allow the engine to turn 1,900 r.p.m. at full throttle. 


Speed of the airplane, in miles per hour 

100 

120 

140 

100 

180 

Diameter for a two-blade propeller 

11 '2" 

10'8" 

10'2" 

9' 10'' 

9'0" 

Approximate weight of each blade (pounds) 

35 

32 

29 

27 

25 

Diameter for a three-blade propeller 

10 '4" 

9'10" 

9'4" 

9' 

8'8" 

Approximate weight of each blade (pounds) . 
Approximate weight of two blade huh, 47 lbs. 
Approximate of three-hlade hub, 40 lbs. 

28 

20 

24 

22 5 

21 


Propellers More Efficient at Low Speeds. — In the development of avia- 
tion engines, it has been the practice to obtain higher power output by 
increasing the speed of rotation, in this way, engines of lower weight 
per horsepower have been obtained but with a resulting increase in pro- 
peller speeds. Experience and theory each indicate that increased propeller 
revolutions bring reduced propeller efficiency, hence all of the gain in engine 
power obtained by increased rotational speed is not transformed into gain 
in propeller thrust horsepower. With a high-speed propeller, the loss of 
efficiency is considerably greater during climb and take-off than at high 
airplane speeds. The high-speed propeller is therefore particularly un- 
suited for transport and commercial airplanes where high thrust power 
during climb and take-off is necessary. Of course, as speeds are reduced, 
pitch and diameter must be increased in the proper proportions. 

To obtain light-weight powerplants and at the sameVime overcome the 
lack of efficiency of the high-speed propeller in a commercial or military 
weight-carrying airplane, it is necessary either to use propeller reduction 
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gears with the ordinary crank type engines, or to employ the Fairchild 
Caminez engine. With the Catninez cam mechanism the power output is 
obtained at one-half of the speed of a crank engine having the same piston 
speed. An example of the gain in performance obtained by use of low 
propeller speed is clearly shown in the accompanying table. 


^OFFICIAL PERFORMANCE TESTS OF A V. S. GOVERNMENT 
T R \ N S PO RT AIRPLA N E 
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Fig. 807. — Calculated Propeller Efficiencies of Low-Speed and High-Speed PropellerB 
in Level Flight Shows Superiority of Low-Speed Screw. 

Aircraft Propeller Design. — Lieut. Commander Clinton H. Havill, 
U.S.N., presented a very interesting and informative paper on the subject 
of “Aircraft Propellers” at the Aeronautic meeting of the S.A.E., Inc., held 
at Chicago, 111., Dec. 5th and 6th, 1928. This paper was accompanied by 
charts based on analysis of performances of service propellers which are 
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reproduced from the paper as well as a number of excerps which reflect the 
experience of the U. S. Navy Bureau of Aeronautics obtained with a number 
of phases in connection with the use and testing of adjustable blade pro- 
pellers. 

Design of aircraft propellers of the detachable blade type, adjustable in 
pitch on the ground, has become a special branch of aeronautical engineer- 
ing’. This type of propeller has primarily been developed in this country, 
and nearly all the propellers used by both the Army and the Navy are of 
this type. The Navy has found it necessary to make its own designs and 
to furnish the propeller manufacturers with finished detail drawings. 
These designs are largely used in commercial aviation, designated by the 
manufacturer’s number instead of by the original design number. The 
reason for this is that, for a given type of engine and airplane and for a 
given airspeed, the Army and the Navy have developed a propeller blade 
that “fits” the airflow ; and for similar conditions the commercial operator 
secures the benefit of the design and experimentation on propellers that 
the military services have found necessary. 

Lieut. Commander iiavill states that it seems logical to ask if, from all 
the propeller literature and the hundreds of previous types of planes, it is 
not possible to furnish a propeller that is the best for those conditions. The 
answer is that it is possible to furnish a propeller that is accurately de- 
signed and that will give excellent performance; but it will not always be 
the best propeller. Although the difference between a good propeller and 
the best may appear small to the average pilot, yet when such things as 
fuel consumption per mile and ability to take-off with a very large load are 
considered, it can be seen that the best propeller for a given plane must be 
especially suitable for the things that the plane is designed to do. To 
provide such a propeller, the designer often must sacrifice one to two m.p.h. 
of to]) speed to favor a higher rate of climb, as is done in some fighting 
planes. In other cases it may be necessary to sacrifice a little on rate of 
climb to favor fuel economy at cruising speed. 

Best to]> speed seldom is given by the propeller that is best, all things 
considered, except in racing planes. ] lowever, in racing planes, the ability 
to change the top speed by small changes in the design of propeller is 
limited usually to a small percentage- of the total speed, as, in racing, the 
propeller works under conditions that favor high efficiency, if the diameter 
is nearly correct ; and the speed changes only as the cube root of the change 
of efficiency, expressed as a percentage. Horsepower and “clean design” 
of plane are the items that win most aircraft races. 

Sources of Designer’s Information. — The designer of aircraft propellers 
has several sources of information, no one of which, except experience, is 
sufficient in itself always to give the best propeller at the present state of 
the art. These sources may be tabulated as follows: 

(1) Pure theory: 

(a) Momentum theory. 

(b) Blade-element theory (Drzewiecki, 1909). 

(c) Combined momentum and blade-element theory, giving rise to 
a modified theory. 

(d) Pran tie’s theory of wings, developed by Bates to apply to pro- 
pellers and finished in practical form by Glauert. 
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(2) Wind-tunnel tests: 

(a) Model tests. 

(b) Full-scale tests, with and without fuselage (now being carried 
on by the National Advisory Committee for Aeronautics'). 

(3) Analysis fiom actual service-flight tests. 

A great amount of pure theory is available, and nearly as much in 
the way of data from wind-tunnel tests is at hand in various forms; but not 
so much has ever been published based on frec-flight tests of metal detach- 
able-blade propellers. 

Chart Based on Propeller Analysis. — Chart 1 shows the result of the 
analysis of a large number of service propellers for ^ arums types of air- 
plane. Cases were chosen in which the propeller performance was con- 
sidered entirely satisfactory, if not the best; so, by following the 
instructions on Chart 1, a diameter and setting of a pair of detachable 
blades can be found that will give reasonably good performance for nearly 
any horsepower, number of revolutions per minute and airspeed commonly 
used on direct-drive propellers today. 

To use the chart: (a) enter it with the airspeed, and from the r.p.m.- 
curvc pick off K p and the desired setting at the 42-iiuh station; (b) solve 
for D\ using formula HP/K— D l . Then enter the table with the value of 
D 4 and pick out the value of the diameter in feet and inches. 

This chart cannot be used backwards; for example, if a plane normally 
makes 140 m.ph. and then, from the chart, a propeller is chosen which is 
of the diameter and setting for a 150-m.p.h. plane, the 150-mp.h. propeller 
probably will give a speed of only about 135 m.ph. to the plane having a 
normal speed of 140 m.ph. Horsepower axailable and propeller limiting 
efficiencies prevent the chart being used in the reverse order. It is the 
same as in any other branch of transportation, the power available and the 
efficiency attained govern the performance. 

Chart 1 was produced by Lieut. Commander lla\ill in the Propeller Sec- 
tion of the Bureau of Aeronautics for general office use. It furnishes data 
for a propeller based on the mean of previous performance and will give a 
propeller of good propulsive efficiency, though not always the best pro- 
peller, as will be explained later. 

Theory versus Practice. — Before proceeding it should be stated that the 
results of pure theoretical study, wind-tunnel tests and actual service use 
are not in entire agreement. Pure theory is, of course, the basis of all real 
progress in any branch of engineering and, as such, must be kept constantly 
developed. A solid groundwork of pure theory in propellers is necessary 
if one is to attempt to extend practical results properly from one condition 
to some other assumed condition. Wind-tunnel tests of model propellers 
is the next step. Model tests have greatly aided in furnishing the modi- 
fication necessary to “pure theory” and have served to develop the blade- 
element theory to the point at which a propeller can be designed accurately, 
even if it is not the best propeller. Use of the radial air-cooled aircraft 
engine has necessitated many changes in the previous methods of applying 
model tests to actifcd use. 

There are a number of sources of discrepancy between model tests and the 
full-scale tests, and also among the full-scale tests themselves. The most 
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common one is the well-known scale-effect that is assumed to depend on 
the Reynold’s number, which is a nondimensional number depending on 
the size of the model, the velocity of the air, and the density and 
viscosity of the air during the test. The theor\ of similitude shows that, 
for the same value of Reynold's number, the same airflow and forces 
exist; however, this does not appear t « » hold exactly true for propellers. 
A second source of discrepancy is the tendency of the propeller blades to 
distort under load, causing changes in the nature of the flow across a 
propeller blade. This is especially important if the pressure distribution 
is altered on account of change of flow. A third cause of differences is 
the interference of the engine, fuselage and airplane adjacent to the pro- 
peller. These interterences change the inflow and greatly affect the pro- 
peller performance as well as causing a turbulent slipstream, with its con- 
sequent higher drag on all parts of the airplane in contact with it. 

A fourth cause of discrepancy is the change in flow occurring at high 
tip-velocities. This change in flow, which may be a compressibility effect 
near the velocities of sound, or about 1,100 feet per second, has been 
investigated and much has been written on the subject. (See National 
Advisory Committee Reports Nos. S3, 20 7 and 255; also Eritish Aeronauti- 
cal Research Committee’s Reports and Memoranda 1,086, 1,123, 1,124, 884.) 
However, all propellers seem to lose some efficiency for 1 1 p speeds beyond 
000 teet per second, and the amount of this depends on the ratio of blade 
thickness to blade width for sections near the tip, the type of airfoil used, 
the angle of attack, the pitch and the pitch distribution. In view of these 
principal discrepancies, it is not surprising that propeller-model tests cannot 
be used directly for full-scale propellers For example, the net result of 
the application of 30-inch-diamcter-modcl tests is that the power coefficient 
obtained on a model must be multiplied by 1.86 as an average correction 
to apply to the power coefficient used on nine-foot-diameter geometrically 
similar propellers. 

Model tests have their proper usefulness in the propeller art, but there 
are too many idiosyncrasies in trying to use empirical correction-factors 
to full-scale actual propellers. Rut, as a matter of convenience, model tests 
are of more actual use than the direct application of pure theory in the 
abstract. 

Full-Scale-Propeller Wind-Tunnel Tests. — The result of all these pre- 
vious labors has been fur the National Advisory C ommittee for Aeronautics 
to build a twenty-foot diameter wind-tunnel so that a full-scale propeller 
can be tested together with its engine and fuselage. The results on the 
first tests made recently have been somewhat discouraging. The power 
coefficients appear low and the efficiency rather high, while the thrust 
apparently agrees closely with previous methods of calculation. The 
method of testing is to measure the thrust and torque of the actual pro- 
peller while driven Ivy the engine. From these quantities, thrust and power 
coefficients arc calculated so that, for other conditions, the results can read- 
ily be attained. 

The following formulas arc used based on similitude: 

T=C t pN a D 4 0) 

where C\, C q and C p are functions of ( V/ND) curves being plotted of these 

functions. 
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\frr D/AMETER TWO BLADE 0 PROPELLER. 

/JET ys SEirm FLIGHT CONDITIONS WITH RADIAL AIR COOLED ENGINE, 

mffiln ITALKS of(x) SFt PITCH uniform, wnco *p 

CALC UL AJED FROM FL tGHT TEi TS OF 5713-?', N>CA TEST OF *?&-?', K*n ioj y y fit/RA vTS DATA, 

P X s D a ( 2 ) 

i;=r p P N‘ i )» (3) 

The symbols used, in English units, are as follows: 

T— Thrust, in pounds. 

p — Density of air in the tunnel, or ^ times the number of pounds per 
cubic foot. 

C t =N T ondimensional thrust coefficient. 

N=Number of revolutions per second. 

• D=Diameter of propeller, in feet. 

Q— Torque, in pound-feet. 

P^Brake horsepower — Power in foot-pounds per second. 
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Cq—Nondimensional torque coefficient. 

Cp^Nondimensional power coefficient. 

V= Airspeed, in feet per second. 

In theory, C t C ,, C M remain constant for a geometrically similar pro- 
peller operating at the same (V/ND). The same values of thrust coeffi- 
cient, C f , and power coefficient C p , could he used for free-flight theoretical 
computations pro\ ided the coefficients were obtained at full scale in the 
wind-tunnel. However, this application does not seem to work out in 
practical propellers because the wind-tunnel power-coefficients are usually 
low. Various explanations have been advanced, but the most commonly 
accepted one is that, in the wind-tunnel, an “artificial inflow” is caused 
which lowers the power and thrust coefficients. This lower thrust results 
in less distortion of the blade than is found in free flight, while wind-tunnel 
efficiency is usually two to three per cent higher than free-flight analysis 
would indicate. 

Free-Flight Efficiencies. — An example of the actual efficiencies attained 
in free flight with one particularly thin blade used on direct-drive air-cooled 
engines is shown in Chart 2. This blade is an instance of a low uniform 
pitch turned to higher effective pitch. This gives rise to a pitch distribu- 
tion. For example, tins particular blade, Bureau of Aeronautics design 
No. 3,792 and nine feet in diameter, is used on certain fighting planes when 
set nineteen degrees at the 42-inch radius. Complete data on this blade 
are given in Chart 3. The pitch at the tip is then 8.17 feet; at the 36-inch 
radius it is 7.20 feet ; and at the 13-inch radius it is 3.78 feet. The necessity 
of such a pitch distribution means that the airflow around the hub and over 
the cylinders of the air-cooled engine causes the propeller to work in a 
nonuniform airflow. The engine is cooled better if the pitch is increased 
near the hub, but the net propulsive efficiency of the propeller designer must 
compromise between cooling the engine and getting the best effective 
thrust for the airplane This compromise is best effected by having the 
pitch distribution fit the airflow in such a way that an efficient angle of 
attack is maintained at each section. Experience and analysis of flight 
tests appear to be the best teacher of this. It is possible to fly almost any 
airplane in the Navy with one of four or five basic designs of blades by cut- 
ting off the tips to the correct diameter and setting the blades at a pitch to 
give the required number of revolutions per minute. However, these 
methods rarely give the best fuel consumption per mile; that is. the best 
propulsive efficiency, in the foregoing statement, the strength of the blades 
is not considered; it will be discussed later. 

Actual Efficiency Below Test Efficiency. — In the past, propeller effi- 
ciency has been adopted as a simple and practical criterion of the excellence 
of the propeller performance, and this is still true provided the proper 
definition of efficiency is used. It is wrong simply to place a propeller in a 
wind-tunnel, measure its efficiency under a given condition, and assume that 
the same efficiency is to be attained in a practical case with an actual 
airplane in flight. Certain propeller manufacturers have talked of the high 
efficiencies of their propellers, quoting tests sho\fing 90 per cent efficiency; 
however, the true or net propulsive efficiency is usually lower than that 
measured in a wind-tunnel. As an example, assume that a propeller devel- 
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ops 800 pounds of thrust and further, that the slipstream velocity create^ 
50 pounds of drag on the engine, fuselage and wings, this drag being caused 
solely bv the difference between the drag at the speed of the airplane and 
the drag at the speed «>f the slipstream Then there is only 750 pounds of 
useful thrust and, of course, the propulsive efficiency is lower than that 
found on test in the free atmosphere of a wind-tunnel. As in ship-building 
parlance, it is the “propulsive efficiency” that counts; therefore, a given 
propeller arrangement should be judged entirely on that basis. 

In attempting to analyze wind-tunnel data and actual flight-test data, 
a general conclusion can be reached that, with hcavier-than-air tractor 
propellers, about two to three per cent of the efficiency is lost as compared 
with wind-tunnel data. Chart 2 is an efficiency chart showing the net 
propulsive efficiency as Lieut. Commander llavill has calculated it for a 
detachable blade widely used on the Navy fighting planes with radial 
air-cooled engines. Jt is to be noted that the method of plotting the curves 
in Chart 2 is not the conventional method of propulsive efficiency, versus 
V/Nl); but propulsive efficiency versus setting with curves of constant 
V/Nl). This method offers itself more readily for office and field use. It 
is believed that the waves in the curves are caused by blade distortion, 
together with changes in the inflow' velocity. 

Much more could be said about the propulsive efficiency of various 
arrangements of propellers and engines. It appears that a pusher propeller 
located astern of the trailing edge of the wings gives the best effective 
thrust from a propeller standpoint, but is not so good when the best loca- 
tions of the principal weights, such as that of the engine, arc considered. 
However, the present conventional tractor propeller ahead of the engine, 
on the nose of the airplane, has fairly good efficiency even if it is not the 
best. It appears that the propeller and the engine break the smooth flow 
of air about three feet ahead of the propeller. The result is that the use of 
a small spinner usually produces no observed change in airspeed. The usual 
conventional type of spinner can he used or removed, so far as performance 
is concerned, for airplanes having a normal speed of about 150 m.p.h. or 
less. Commercial airplanes usually are fitted w T ith a small propeller- 
spinner because it improves the looks and is a good selling* point. 

Substitute Propellers — Whenever the proper design of blade for a 
specific propeller is not available, airplanes can be kept in the air by using 
substitute propellers. These are made up by using blades of another 
design and of larger diameter that are kept on hand. These large blades 
can be cut down to the desired diameter, according to the diameter formula, 
and set to give the desired number of revolutions per minute. The general 
effect of substitute propellers is a loss of top speed of from one to five 
m.p.h.; climb and take-off may be slightly better or worse. The diameter 
formula is as follows, and it should be noted that the number of revolutions 
per minute and the horsepower must be consistent for the type of engine 
on which the propeller is to be used. 
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In equation (4), V is stated in miles per hour and represents airspeed. 
The value used should be three m.p.h. less than the top speed of the airplane 
when fitted with the correct propeller. The diameter in feet is represented by 
D. K is taken as being 300 for a two-bladed and 285 for a three-bladed 
propeller. 

For reasons of aerodynamic balance it is important that the same con- 
tour of tip be put on all the blades of the same propeller and that good 
balance be had before attempting to take the air. A template of thin metal 
can be used to form the tip on the first blade, and the other blades can be 
cut to conform with this template. The settings should be such as to give 
the number of revolutions per minute used in the formula. This is usually 
about one degree less than the standard service-setting used for the correct 
propeller. If in doubt as to the initial setting for the first trial, the follow- 
ing formula should be used : 

4.37 V (5) 

tan 

RPM 


Calculation of Primary Stresses. — The method of calculating the pri- 
mary stresses in a propeller blade is to plot a curve of the intensity of 
centrifugal force for 25 per cent in excess of normal rc\ olutions, at sta- 
tions taken at each six inch of radius. The area under this curve equals 
the total centrifugal force, since centrifugal force equals (Mv 2 r). The 
curve of total centrifugal force, CF, is plotted against the length, or radius, 
of the blade starting with CF — O at the tip and maximum at the blade 
root. By dividing the total force at any radius by the cross-sectional area 
of the blade at that radius, the fiber-stress caused by centrifugal force is 
obtained. The maximum-thrust curve of the blade is next plotted and, 
considering this as a lead curve on a cantilever, the resulting bending 
moment is obtained. By the usual engineering method of MY/I the fiber 
stress due to thrust is found and is added algebraically to the fiber stress 
due to centrifugal force. If the moment of inertia 1 is taken about the 
minor axis of each section, a factor of safety is introduced, because the 
ellipsoid of stress of each section turns about the blade as the radius is 
increased, so that the thrust does not always act along the minor axis. If 
the blade is of conventional design and is to run an engine of not less than 
seven cylinders, and is of the type that is reasonably free from synchronized 
vibration, nothing else has to be done. However, if the plan form, type 
of tip, material or construction are changed, the stresses due to torsion and 
impulses of torque should be investigated. 

It is to be noted that the designer of detachable-blade-type propellers 
does not take into account any deflection or restoring (that is axial com- 
ponent after deflection) component of centrifugal force. In Lieut. Commander 
HavilTs experience, to consider that a component of thrust is counteracted 
by an axial component of centrifugal force is to neglect an exceedingly large 
torsion force that results if such a large deflection occurs. The net result 
is that, in metal, the fiber-stress exceeds the fatigue lint it. The metal blade 
should be designed to withstand all primary stresses without having the 
fiber stress exceed about nine-tenths of the fatigue strength of the material. 
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The principle of dynamic rigidity does not seem to be useful in the design 
of solid aluminum-alloy blades. 

With any material, the primary fiber-stresses are calculated by straight 
forward engineering methods taking into account the centrifugal forces, 
the bending moment caused by thrust, and torsion. These primary stresses 
vary proportionately to the square of the tip speeds for geometrically 
similar propellers of the same pitch. It is erroneous, to copy an existing 
design of propeller blade and increase its angles without computing the new 
fiber-stress, because both thrust and torsion increase with increase of pitch. 
However, as increase of pitch requires more horsepower for the same 
number of revolutions per minute and for the same airspeed, an empirical 
formula can be built up which will give an approximate idea of the magni- 
tude of the fiber-stress involved in a given design. For the solid type of 
metal construction an empirical formula, based on a large number of 
successful propellers of the detachable-blade type has been devised by 
Lieut. Commander Ilavill. 

Empirical Formula for Maximum Fiber-Stress — This formula to ap- 
proximate fiber-stress is as follows: 
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f t “ Maximum fiber-stress at r inches of radius, in pounds per square inch 
RPM — Revolutions per minute 
D = Diameter, in rest 

r — Radius, in inches of section under consideration 

b"- blade width in inches at radius r, using the unpitched plan form- 
width 

t — Maximum thickness, in inches at radius r 
= Density of material in pounds per cubic inch 
T = Blade thickness, in inches, at 42-inch radius 
B = Maximum blade width, in inches at 42-inch radius 
11 P = Horsepower per blade, or the total horsepower divided by the 
number of blades 

V = Airspeed in miles per hour and equals zero for static conditions 
Equation (6) does not apply very well to a solid one-piece blade made 
from a single forging from tip to tip, because this type of construction 
often suffers from fatigue failures caused by synchronized vibrations. 

In equation (5), • is the setting angle at the 42-inch station and V is 
the normal high speed in miles per hour. After the first test, the setting 
can be varied to give the exact desired number of revolutions per minute. 
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A one degree change of setting will produce a change of about 60 r.p.m. on 
direct-drive propellers. 

Strength of Propellers. — The strength of propellers is the great problem 
of the propeller designer. The increase of engine horsepower and engine 
speeds in the Last feu years has brought about a condition in which few 
of the larger engines can be fitted properly with a wooden propeller. The 
Liberty engine of 400 horsepower at 1,700 r.p.m. imposes a load that ap- 
proximates the limit of capacity for a wooden propeller while leaving a 
sufficient factor of safety to meet service requirements. The result has been 
that the propeller designer was compelled to search for other materials. 
On account of centrifugal force, the suitability of materials for aircraft 
propellers is largely dependent on a strength-density ratio in the cases 
where the blades arc solid. It is an advantage to use thin airfoil-sections, 
The result is that the distribution of t lie material in the blade is often as 
important as the amount of material used. Virtually all the propellers now 
used in both the Army and the Navy are made of aluminum alloy known 
as 25 S special, and sometimes called Standard Steel. They are of solid 
construction and of the detachable-blade type. The Navy at present is 
encouraging the development of a chromium-vanadium hollow-steel pro- 
peller. One experimental propeller of this type has lately been whirl- 
tested, and it has more rigidity than lias the aluminum-alloy type. This 
construction will he almost necessary for the greater horsepowers, with 
which the bending moment caused by thrust is high ; in the lower horse] lowers it 
has the advantage of being cheaper, and it probably has longer life than the 
present type of aluminum-alloy blades. 

Metal Propellers. — Aluminum alloy known as 25S special has the follow- 
ing physical properties : 

Material : aluminum alloy, known as 25S 
Ultimate strength : 55,000 to 60,000 pounds per square inch 
Yield point: 50.000 to 40,000 pounds per square inch 
Fatigue strength: 12,500 pounds per square inch after heat-treatment 
and artificial aging 

Elongation in two inches: sixteen to 25 per cent 
Brinnell hardness: 90 to 125 

Modulus of elasticity : 10,000,000 pounds per square inch 
Density: 0.101 pound per cubic inch 
Specific gravity : 2.79 

Grain structure depends mostly on the temperature of the metal as it 
is poured into the ingot and the rate of cooling the ingot. Ingots are 
water cooled by a patented process in which means are provided for govern- 
ing the rate of cooling, and are forged into billets. These are cropped to 
remove defects and to permit examinations of the grain structure, and are 
scalped to remove surface defects. They are then forged into propeller 
blanks. Ileat-treating and artificial aging to give the required physical 
properties are done after the angles are placed on the propeller blank. 
Bending or twisting the propeller blades without special heat-treatment 
lowers the fatigue strength to about 11,000 pounds per square inch and, 
on designs that are close to this fiber-stress, is likely to lead to fatigue 
failures in from 100 to 200 flying hours. 
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The Whirl-Test for Strength. — The Navy requires that all basically 
new designs be given a whirl-test of 100 per cent more than normal horse- 
power for a period of ten hours without any permanent deformation. 
During the test the blades arc set in pitch with the normal service-setting. 
It is not sufficient that a design pass the whirl-test; it also should run 
reasonably smoothly and be free from flutter up to an overload of 25 per 
cent of horsepower. Flutter is a periodic change of pitch in the blade. 
Blades that suffer from synchronized vibration usually will flutter at a 
given number of revolutions per minute during a whirl-test, then run 
smoothly at some higher speed, only to flutter again violently at some.still 
higher speed. For blades that begin to flutter at a certain number of 
revolutions per minute after about five hours of test and flutter at all higher 
speeds, it is assumed that the fiber-stresses are above the fatigue strength 
of the metal. Thus the actions of the blade during a whirl-test give im- 
portant information in regard to strength of design. 

Necessity for Gearing a Propeller. — Considerations as to the necessity 
for gearing an aircraft propeller are primarily divided into two classes; 
first, gearing to reduce tip-speed; second, gearing to enable the propeller 
to give a higher thrust at low airspeeds, such as will enable a plane to take 
off with a very heavy load and to have good efficiency at cruising speeds. 
At the present state of the art, high-power, high-speed engines should be 
fitted with geared propellers to reduce the high tip-speed that would re- 
sult if direct drive were used. The amount of gearing should be such as 
to give a tip speed of about 800 feet per second. Gearing to lower tip- 
speeds than this usually give no improvement in propulsive efficiency 
because the increase in diameter requires heavier propellers and increased 
length of the landing-gear. The result is that the theoretical gains in 
efficiency are lost. To illustrate this, let us assume that an engine of 600 
horsepower at 2,100 r.p.m. is to be used in a new airplane. As a first as- 
sumption, let us try to use a two-bladed direct-drive propeller. Then we 
have : 

Diameter - 305 \ \ 4 / 000 

V 9 -755 feet (7) 

v (2,100)- X 130 

Consequently, we use a propeller nine feet nine inches in diameter, and 
the tip speed will be 1,072 feet per second. Since V/ND — 0.558, a prob- 
ably net propulsive efficiency, considering the high tip-speed, of about 74.9 
per cent can lie expected. 

Now consider the case if the engine is geared three to two, which gives 
the propeller a speed of 1,400 r.p.m. Then we have: 

Diameter = 305 X \ 4 / ^0 

V = 1 1 .940 feet (8) 

T (1.400) 3 XU0 

A propeller twelve* feet in diameter is therefore used and the tip-speed 
will be 879.6 feet per second. Since V/ND = 0.681, a probably net propul- 
sive efficiency of about 78.6 can be expected. 
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Before a decision can be reached, it must be determined whether a pro- 
peller twelve feet in diameter can be used. If ground clearance is insuf- 
ficient, the landing-gear must be lowered, with its resultant increase in 
drag of the plane. If installed on a twin-engine type of plane, the twelve- 
foot propeller probably would require a re-spacing of engines which would 
result in practically a redesign and an increase of weight. If the landing- 
gear has to be lowered and the increase in drag is more than the 3.7 per cent 
gain in efficiency, then it is better not to gear. 

Let us assume that the two-bladed twelve-foot diameter propeller is 
impractical; so a three-bladed propeller will be tried. Direct drive for this 
would require a diameter of 

Diameter — 285 X \ 4 / 6, (XX) 

V 9.1 15 feet (9) 

T (2.100) 3 X 130 

Therefore a propeller nine feet in diameter would be used, and the tip- 
speed would be 989.6 feet per second. Since Y/ND ~ 0.605, a probable net 
propulsive efficiency of 74.5 can be expected. It should be noted that, for 
the same values of V/ND and the same tip-speeds, three-bladed propellers 
are about two per cent less efficient than two-bladed propellers. 

The reduction in tip-speed of this three-bladed propeller, compared 
with the two-bladed direct-drive, together with the increase in (V/ND), 
causes it to give approximately the same propulsive efficiency. In addition, 
the three-bladed type should gi\e a better take-off in this case. Thus this 
particular plane probably would be fitted with a three-bladed direct-drive 
propeller as the best engineering compromise. Lieut Commander Havill says 
that there is no set rule about gearing; each case must be solved on its 
own merits. However, if gearing is resorted to, a reduction of tip-speed 
below 800 feet per second seldom pays in heavier-than-air types of craft. 
As engine horsepowers and engine speeds are increased, gearing will be- 
come more and more prevalent. 

Variable-Pitch Propellers. — It is well known that a fixed-pitch pro- 
peller can give the best results only under a given set of conditions. As 
stated previously, the pitch setting that is best for take-off and climb 
cannot be the best for top speed or for cruising speeds. Fixed-pitch de- 
signs or types that are adjustable in pitch on the ground are in fact a 
compromise between characteristics desired and characteristics obtainable. 
Under one set of conditions the propeller efficiency may be the maximum 
possible, but under every other condition the efficiency is somewhat less. 
The subject of variable-pitch propellers the effective pitch of which 
can be changed while the airplane is in the air has interested aeronautical 
engineers ever since the basic principles of air propellers were understood. 
Numerous patents have been granted as a result of attempts to evolve a 
serviceable mechanism of this kind. The patents include ideas not only 
for changing the effective pitch but also for varying the diameter and the 
surface area of the blades. It must be understood that the variation of 
effective pitch provides only part of the possible theoretical increase in 
efficiency that can be realized; however, the mechanical difficulties in the 
way of changing the diameter and area of the blade have so far prevented 
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any encouragement in this matter, it seems that the ability to change the 
effective pitch of the blades offers the best field for development, and tre- 
mendous effort has been concentrated on this feature. 

Advantages of Variable Pitch— The advantages of a variable-pitch 
propeller as stated by Lieut. Commander I lax ill are as follows: 

(1) For Heavy Patrol Flanes.- — A low pitch during take-off and a higher 
pitch during cruising could be used. Instead of cruising with the 
engine throttled, it seems better to let the engine operate at full 
throttle and to reduce the number of revolutions per minute by 
increasing the pitch. 'This case would fit exactly the service of air- 
mail planes, where the advantages of heavy-load take-off and of fuel 
economy at cruising speeds could be obtained with the same pro- 
peller. 

(2) For II if/h- Altitude ] : ightmg Planes F.tjmpped i villi Supercharged Fn- 
giucs- - With a comentional fixed-pitch propeller, it is impossi- 
ble to make use of the full power of the supercharged engine at 
any great altitude without using an excessively high number of 
revolutions per minute. Tbe practice of taking-off and climbing 
to about 6,()(X)-fect altitude with the engine partly throttled is the 
only partial solution of the problem when a fixed-pitch propeller 
is used. 

(5) To Reduce the Length of Run after Landing.— 1 n the case of com- 
plete reversal, the negative thrust could be used to act as a brake 
after landing j however, I believe that the installation of mechanical 
brakes promises to eliminate the necessity tor tins feature. 

Some fairly successful variable-pitch propellers are now available, but 
the development is not such as to make*, them of general service use. I he 
difficulties are, primarily, that in the higher horsepowers, say above about 
185 horsepower, the propellers become very rough after about 40 to 50 
flying hours. The high value of the centrifugal force on each blade under 
a normal number of revolutions per minute presents a bearing problem 
rather than actuating-mechanism problem. Simply to take on a lour-mch- 
diameter roller bearing or ball bearing, the total centrifugal-force load 
which is about 50,000 pounds, places such a load on the pitch actuating 
mechanism that the small parts wear sufficiently within a short time so 
that both blades do not have the same effective pitch. This inaccuracy 
causes a difference in thrust between the blades that results m violent 
vibrations. 

In Europe, a type of variable-pitch propeller that uses oil pressure to 
counteract the bearing load has met with some success in the lower horse- 
powers; and at present the Navy is experimenting with a type that counter- 
acts the bearing load with the hydrostatic pressure produced by a revolving 

column of mercury. . . . ... 

In the high-speed fighting-type of airplane, the weight of the vanab e- 
pitch propeller is important because, beyond a certain weight, better results 
could be obtained by putting the extra weight into a larger and more 
powerful engine and using a fixed-pitch propeller. Such a high restriction 
as to weight of the propeller does not apply equally to the large heavy 
patrol plane, because the propeller constitutes such a small percentage of 
the total load that the climb and take-off are not so much affected. 
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Value of Reduction Gearing. — The table on page 1691 gives the perform- 
ance tests of a U. S. Government transport airplane equipped with a 400-horse- 
power direct-drive engine and the same engine fitted with a two to one reduc- 
tion gear - It can he seen that climb near the ground has been increased from 
280 to 618 feet per minute by substitution of the geared engine. It will be noted 
that an increase in high speed, as well as a considerable increase in service ceil- 
ing, has also resulted from the use of the low-speed propeller. Besides the in- 
crease in thrust available through improved propeller efficiency, the low-speed 
propeller also allows a greater cruising range. With the same thermal efficiency 
of the engine, decreased fuel consumption for any given propeller thrust is 
obtained because of the greater efficiency of the low-speed propeller. Ability 
of th c airplane to take off with high power loadings combined with im- 
proved fuel consumption for a given thrust horsepower makes the low-speed 
propeller type of engine a logical solution for long distance cruising. 

The difference in propeller efficiency in an airplane designed for 120 
miles per hour with a 150 horsepower engine, at 1,000 r.p.m. and at 1,800 
r.p.m., was determined analytically by the usual formulae and is given in 
the accompanying diagram at Fig. 807 The curves show propeller effi- 
ciency only in level flight. The difference of efficiency between high and 
low speed of rotation becomes greater during climb and take-off. These 
curves do not take into consideration the effect upon propeller efficiency of 
the fuselage nose or the obstructions immediately behind the propeller. 
Nor do they consider the increased drag of the airplane with the high- 
speed propeller, which is caused by the higher slipstream velocities. The 
actual results of the official performance tests of a U. S. Government 
transport airplane given in the accompanying table shows more clearly than 
any detailed calculations the effect of low propeller speed upon the per- 
formance of a transport airplane. 

It is significant that the new Curtiss Condor bomber, which has shown 
excellent performance, mounts geared engines. The Navy has long been 
using geared engines in its PN10 flying boats. 

The advantage of the large-diameter slow-turning propeller in giving 
a shorter length of run for take-off and an improved rate of climb is too 
great, particularly for heavily loaded commercial planes, to he neglected. 
Gearing now seems to be the only solution with conventional engines but 
gears on such high-powered engines arc a mechanical problem that, up to 
the present time, has not been solved in an entirely satisfactory manner, 
though various designs have been made that give excellent results in 
practice. 

Airplane Propeller Drive Gears. — Airplane propellers, as the writer has 
previously mentioned operate most efficiently at a speed range of from 
1,200 to 1,500 r.p.m. In this speed range it is possible to obtain a large 
enough propeller diameter to avoid excessive interference between the pro- 
peller slipstream and the fuselage and other parts back of the propeller. 
The most efficient pitch also can he obtained in this speed range. At higher 
speeds it is necessary to restrict the propeller diameter in order to avoid 
setting up excessive strains in the propeller due to "too high circumfer- 
ential speed. The most efficient speed of the average modern water-cooled 
airplane engine, is usually in the range from 1,800 r.p.m. to 2,200 r.p.m. 
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It readily will be seen that a reduction gearing of some sort is desirable, 
in order to allow both engine and propeller to operate at their best speeds. 

In considering a suitable reduction gear for the aviation engine, two 
important factors enter into the design : 

First, the greatest possible efficiency must be realized. 

Second, the construction must be light and compact, although at first 
thought a heavy and bulky construction would appear necessary to with- 
stand the internal stresses created in the transmission of so much power 
as is developed by the usual large engine. 


Oil Chute to Pall Thrust 



Fig. 808. — Simple Reduction Gear Used for Propeller Drive on Napier “Lion” Aero 

Engines. 

In a preceding chapter on water-cooled aeronautical motors, the simple 
and effective reduction gear used on Packard aeronautical engines was 
shown as applied to the 2A 2,500 engine, in this the reduction was obtained 
by a single pair of spur gears, one mounted on the propeller shaft between 
large anti-friction bearings was meshed with a smaller gear carried by the 
engine crankshaft below it, this also being supported by anti-friction bear- 
ings at each side. The gears are of heat-treated, high strength alloy steel 
and have exceptionally wide faces to transmit the great horsepower pro- 
duced by that engine. The simple and effective reduction gear used on^- 
Napier Lion engines is shown at big. 80S. A spur gear on the propeller 
shaft, which rotates in roller bearings and which is provided with a double 
ball thrust, is meshed with a gear on the engine shaft, not shown in the 
illustration. 

Rolls-Royce Gear. — There are other forms of reduction gears besides 
that shown at Fig. SOS. Rolls-Royce. Ltd. of Derby, England, have been 
building for some time past a reduction gear of the epicyclic type for use 
with their twelve-cylinder aircraft engine, and have been very successful 
with this gear. Ttfis is clearly shown at big. 800 and it will be evident 
that it results in a much neater nose assembly than is possible with the 
superposed spur gear reduction previously considered. In considering the 
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design of the reduction gear for the Rolls-Royce engine, full attention was 
given to various types of gears including almost every type which could 
be considered at all practicable, and the decision was reached that the 
epicyclic gear gave the best combination of strength, wearing qualities and 
other desirable features, without too great loss of efficiency. 

The form in which only two gears is used is most efficient mechanically, 
but it cannot lie made as compact about the center line and the stress of 
power transmission produces a strain on relatively few teeth, which must 
be large to resist it adequately, and of course, considerable tooth friction 
is present because of high unit pressures. Unit pressures are lower in 
epicyclic gears because more teeth are in engagement. The factor of bear- 
ing friction between the planets and their pins is reduced by using anti- 
friction bearings. Epicyclic gears are best for high powers. 


Movable 

Flange 


Fixed 

Flange 


Double 

Propeller Thrust 


Poller Plane t Gear 

c Bearing ?7 Teeth 


Annulus 
''IPO Teeth 



Annu/us 


Section H Section CC 

View in Direction 
of ArrowsB B 


Section E E 


Pig. 809. — Diagrams Showing Rolls-Royce Epicyclic Speed Reducing and Propeller 

Drive Gearing. 


Various methods of compounding plain epicyclic gears have been tried, 
but the best type is undoubtedly that combining double planets, an annulus 
driven from the crankshaft, and a sun fixed to the engine casing. One of 
the great advantages of this type of gear is that the planets are not held 
on overhanging pins as is the case with plain planets, but are balanced 
about the flange on the propeller shaft in such a way that the projecting 
portions of this flange, to which the two halves of the planet cage are bolted, 
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are not put in torsion by the driving load on the planets. 

When a simple spur gear reduction is used on a large engine, some form 
of shock absorbing spring drive is needed to reduce shocks in power trans- 
mission. 

Lorraine Planetary Gear. — A reducing gear of the planetary type for 
aircraft engines has been de\ eloped by the Societe Lorraine of Argenteuil, 
J< ranee, and in addition to being used on the aircraft engines of that com- 
pany is also fitted by the Armstrong-Suldeley Co. in Kngland. A sectional 
view of the Lorraine reducing gear is shown at Fig. 810. The propeller- 
carrying shaft is supported at the forward end by a roller bearing C) and at 
the rear by another roller bearing P and a bronze bushing K fitted inside 
the crankshaft. The front journal of the crankshaft is supported in a 
babbitt-lined bearing. To an integral flange on the crankshaft is bolted 
the internal gear crown C. This gear crown, in rotating with the crank- 
shaft, carries along the propeller, by meshing with the planetary pinions 
I), which rotate both around their own axes and around the stationary 
pinion I, which latter is secured to the housing hv holts i. The propeller- 
carrying shaft, which carries the planetary pinions, D, turns at a lower 
speed than the crankshaft, the reduction ratio being 1.545:1. 

Lubrication of the reduction gear is effected by means of oil under 
pressure which enters the interior of the hollow propeller-carrying shaft 
through holes T and U. This oil also lubricates the front bearing S of 
the crankshaft and the inside bearing K through the same holes T and U. 
Passing through oil grooves cut in the bearing bushing it floods the roller 
P, whence it is thrown off into the collector channel M formed near the 
periphery of the pinion-earner plate II. Centrifugal force compels the oil 
to enter the hollow pins F on which the planetarics revolve, through 
registering drill holes. From the interior of these pins it passes through radial 
holes to the rollers on which the planetarics revolve, and it escapes from 
the roller bearings through radial holes. V drilled in the pinions. Thus 
there is a constant circulation of oil, which serves not only to lubricate but 
also to cool the pinion*. The oil thrown off by the pinions gathers on the 
walls of the housing and some of it collects in a small pocket N, whence it 
flows through a passage N to the roller hearing (.) and the double thrust 
hearing J which takes the propeller thrust. The lower part of the housing 
for the reducing gear is filled with oil to such a level that the internal 
gear crown is at all times partly submerged. Thus the meshing gears are 
constantly flooded with oil. An oil-guard O at the side of the reducing 
gear toward the propeller prevents loss of oil from the case. The reduction 
ratio of 1.545 1 was adopted with a view’ of limiting the speed of the engine 
to a value w hich w ould assure a satisfactory life of the engine and to keep- 
ing the propeller diameter dow n to a figure which would not be prohibitive 
on multi-engined airplanes and seaplanes. An engine speed of 1,900 
r.p.m. corresponds to a propeller speed of 1 ,250 r.p.ru. 1 he pinions and 
gears of the reducing gear all have straight teeth and are mounted on 
parallel axes. They have such dimensions that their accuracy may be 
readily checked by *he usual inspection previous to assembly. The clear- 
ance between teeth is determined by the manufacturing process and no 
adjustment is necessary in order to insure proper distribution of loads. 
The tooth loads and bearing loads are quite moderate. 
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Fig. 810. — Sectional Diagram Showing Construction of Lorraine Epicyclic Speed Reducing and Propeller Drive Gear. 
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The low-speed shaft which forms the cage of the planetary gears is a 
very robust member as can be seen by referring to the illustration at Fig. 
811 which shows the important parts and it is made in a single piece, and 
therefore not subject to deformation. Studs for the planetary pinions are 
straddle-mounted. These studs arc located at equal angular distances from 
each other and at equal distances from the axis of the shaft by mechanical 



Fig. 811. — Illustrations Showing Parts of the Lorraine Reduction Gear Shown at 

Fig. 810. 

means in such a manner that their angular spacing and their concen- 
tricity can be readily checked. The positioning of the pinion studs is not 
affected by wear, hence the studs and the pinions can be replaced at any 
time without need of highly specialized labor. The wearing parts are 
constituted by roller bearings at which there is only an insignificant amount 
of wear. Replacement of these hearings is an easy matter and does not 
call for any adjusting operations, properly speaking. All parts are mounted 
concentric with respect to the crankshaft, which makes it possible to assure 
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one's self of the proper operation of the assembly before placing it in service. 

Reduction and Reverse Gears. — Reverse gears are not used in air- 
planes but are desirable in lighter-than-air craft because a reverse motion 
>f the propellers will sometimes aid in maneuvering an airship. The 
speed reducing and reverse gears of the U. S. S. “Shenandoah” are shown at 
Fig. 812. A special clutch of the multiple disc or plate type is installed in 
the transmission line between the engines and the gearing, this making 
it possible to stop the propeller while the engine continues to run, just 
as it does in a motor boat or an automobile. A braking device is provided 
which permits the engineer to arrest the motion of the propeller at any 
desired point as it is sometimes needful to have the airscrew stop in a 
horizontal instead of a vertical position to obtain full ground clearance. 
All gearing is of the planetary or epicyclic type and all gears employed to 
give reduced speed or reverse motion are in constant mesh. A sliding dog 
clutch actuated by a shifter lexer connects the power shaft to either set of 
gears as desired. The master clutch must be fully released before the 
positive clutch is shifted to engage either set of gears. 


Internal 



Fig. 812 . — Sectional View Showing Construction of Planetary Speed Reduction and 
Reverse Gearing Used with Dirigible Airship Engines to Turn Propellers in Either 
Direction Without Reversing Engine. 

Self Starters for Aviation Engines. — At first thought, one familiar with 
automobile practice will think that the common method of starting small 
airplane engines by swinging the propeller is crude in view of the marked 
development in automobile engine starting systems and their reliability, 
which would indicate that modifications should be designed for use with 
aircraft motors. Leading authorities in the aeronautical industry are favor- 
ing the fitting of reliable and easily operated starters especially on com- 
mercial machines. Commenting editorially on this subject. Aviation Maga- 
zine says : 

“Undoubtedly one of the greatest factors in the popularizing of automo- 
biles was the introduction of the self starter. Cranking was a nuisance and 
dangerous even for strong men, and it practically eliminated women from 
the driving. If self starters made a difference in the popularity of automo- 
biles they certainly will make a much greater difference with airplanes and 
their high powered engines. Swinging a prop by hand is hard work; requires 
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considerable skill, and, to put it mildly, is not a pastime in which most of 
us like to indulge. At present, hand cranks are fitted to most of the new 
commercial engines but if airplanes are to be handled by women and 
amateurs they should have every convenience, and self starters which 
are as easy to operate as those on automobiles will be required. The 
starter should certainly be workable from the cabin for otherwise it really 
takes two people to start the plane. The unfortunate part is that the planes 
which amateurs fly are usually of small size and in such planes every ounce 
of weight counts and to date most of the starter development has been 
done for larger engines and especially the really large ones which are 
nearly impossible to start by hand. The progressive manufacturer of 
small engines would be making a great step forward if he should fit all his 
engines with self starters. This would give the starter manufacturer a real 
basis upon which to start development and production, and it would not be 
a long while before all buyers of engines demanded that self starters be 
fitted as regular equipment.” 

Engine Starting Methods. — Various forms of starter have been tried 
for years with but indifferent results and, so long as the engines were small 
and were capable of being cranked by hand by pulling through the propeller, 
starters were not received with much favor. Pulling through the propeller 
by hand as previously shown is a dangerous operation at best and even a 
skilled mechanic of good physique cannot turn the engine past more than 
one or two compression points, except in the case of small engines having 
no military and very little commercial value. Electric starters have been 
devised which employ a small motor, driving through a large gear-reduc- 
tion. The early forms of these starters gave trouble and they were very 
hard on batteries ; also, the battery capacity required entailed the use of 
large and correspondingly heavy batteries. Therefore, for many years 
after the World War, engines up to and including the 200 horsepower 
size were started by pulling the propellers when the propeller was accessi- 
ble. For larger engines and for seaplane work, small hand-starters were 
used which consisted solely of a hand-crank geared down to the crankshaft 
in connection with a booster magneto. 

Compressed-air starters of various types came into extensive use on 
European engines and were used to some extent on early American engines. 
These starters consisted of a supply of compressed air stored usually in a 
small steel bottle that was carried on the airplane, a miniature carburetor 
in the air-supply line, a distributor driven from a camshaft, and individual 
pipes leading to check-valves installed in the cylinders. These com- 
pressed-air starters have been very efficient so far as starting is concerned 
but, in this country, airplane engine builders have been unwilling to accept 
the multiplicity of piping and valves required and the driving of any 
unnecessary mechanism from the camshaft. 

U. S. Navy Practice. — Starter developments in the United States have 
taken the form of the inertia starter, said Lieutenant C. E. Champion, Jr. 
U. S. N., in a paper read before the Buffalo Section, S. A. E. recently. 
These are being builj for the Navy at present by the Healy-Acromarine Bus 
Co., successor to the Aeromarine Plane & Motor Co., and by the Eclipse 
Machine Co., in its plant at Hoboken, N. J. These starters employ a hand- 
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crank and a gear-train which drives a miniature flywheel, and a constant- 
torque slipping-clutch through which the flywheel can transmit its energy 
to the engine, in operation, the crank is turned by hand until the flywheel 
is brought up to the required number of revolutions per minute. A man 
of normal physique should accomplish this in 20 to 30 seconds. The 
gear-reduction is approximately 150 to 1 and the weight of the flywheel 



Fig. 813. — Wright Hand Turning Gear and Starting Magneto. 

is about four pounds. When the flywheel has been brought up to about 
15,000 r.p.m., a tripping device connects the flywheel, through the same 
gear-train used to drive it, to the constant-torque clutch and, at the same 
time, engages the starting-dog. At average operating-speeds, the energy 
stored-up in the flywheel amounts to 5,000 foot-pounds or more. The clutch 
can be set for any desired break-awav torque. In small engines, a torque 
of 400 foot-pounds suffices but, for the largest engines, clutches are set for 
750 foot-pounds. 

By careful arrangement of the gear-train, these concentric starters have 
been reduced in size to that of the crown of a man’s hat and their total 
weight is between 19 and 25 pounds depending on the model. They are 
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very rugged and reliable. Incidentally, it is indicated that their use will 
eliminate the necessity for the hand-operated booster-magneto used for 
starting purposes, which will result in a saving of some eleven or twelve 
pounds in weight. 

Electric Starters. — Starters utilizing electric motors to turn over the 
engine have been recently developed, and when properly made and main- 
tained in an efficient condition they answer all the requirements of an ideal 
starting device. The capacity is very high, as the motor may draw current 



Fig. 814. — Eclipse Aviation Hand Starter with Booster Magneto Integrally Mounted. 

from a storage battery and keep the engine turning over for considerable 
time on a charge. The objection against their use is that it requires con- 
siderable weighty, complicated and costly apparatus which requires the 
services of an expert electrician to repair should it get out of order, though 
if battery ignition is psed the generator takes the place of the usual ignition 
magneto and some saving in weight is effected. The fundamental units of 
a self-starting system, therefore, arc a generator to produce the electricity, 
a storage battery to serve as a reservoir, and an electric motor to rotate 
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the motor crankshaft. Generators are usually driven by enclosed gearing, 
though silent chains are used where the center distance between the motor 
shaft and generator shaft is too great for the gears. An electric starter 
may be directly connected to the gasoline engine, as is the case where the 
motor bolts to a flange. The motor may also drive the engine by means 
of a direct gear reduction, the J»endix pinion shift being used to engage 
a starter gear ring attached to the propeller flange. 

Every electric starter must use a switch of some kind for starting pur- 
poses and most systems include an output regulator and a reverse current 
cut-out. The output regulator is a simple device that regulates the strength 
of the generator current that is supplied the storage battery. A reverse 
current cut-out is a form of electrical check valve that prevents the storage 
battery from discharging through the generator. 

The Wright Starter. — The Wright Hand Turning Gear was the success- 
ful result of several years of work in the development of a device by which 
an aviation engine may be started readily by hand, without danger of 
injury to the operator or damage to the engine or starter. The gear was 
simple, compact, and reasonable in weight, and was used on engines of 
widely different sizes without any change other than a simple adjustment. 
It was supplied in two gear ratios, six to one or fifteen to one, specified by the 
customer. In the illustration at Fig. 813, which shows the side of the starter 
toward the engine, most of the external parts of the gear are visible. The 
splined shaft fits into the rear end of the engine crankshaft and five holes 
receive five studs by which the gear is bolted to the rear end of the crank- 
case. The bolting flange and spline are designed to fit the standard Army 
and Navy starter mounting as used on Liberty. Wright, Curtiss and other 
engines. The starter shaft carries a bronze worm wheel, which engages 
a worm driven by the handcrank. The starting magneto, which is an inte- 
gral part of the device, is. also driven by the starting crank, through gears. 

In starting, the worm is brought into contact with the worm wheel by 
pushing on the small rod beside the starting crankshaft. Turning the crank 
then brings the worm into full engagement, and further turning rotates 
the engine.crankshaft. When the engine fires, the worm is thrown out of 
engagement, but as it slides endwise on its shaft no end motion is trans- 
mitted to the starting crank. The disengagement of the worm, however, 
does not throw the starting magneto out of gear, so that it may be kept 
in operation by turning the hand crank until the engine has picked up 
enough speed to fire regularly on the running magnetos. The starting 
magneto furnishes high tension current which is distributed to the spark 
plugs through one of the main magnetos. It is designed to operate in 
connection with a “trailing brush” on the running magneto, which gives a 
greatly retarded spark, thus reducing to a minimum the probability of the 
engine “kicking back.” However, should a “back-kick” occur while the 
engine is being cranked, the engine and starter are positively protected 
aginst damage by a multiple disc friction clutch, interposed between the 
worm wheel and the splined shaft, loaded by four carefully equalized 
springs. Thus a “kick back” results merely in slipping this clutch. An 
external ratchet on the starting crankshaft positively prevents the crank 
from turning backwards. The only adjustment required is for spring ten- 
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sion of the friction clutch. This adjustment is made at the factory to suit 
the particular engine with which the turning gear is to be used, and ordi- 
narily does not require further adjustment in service. Thus the gear re- 
quires no attention or adjustment after installation on the engine. 

The addition of the turning gear increases the length of the engine by 
4J4 inches, and a space of 4% inches is necessary to remove it without 
disturbing the engine. The weight of the gear, including the magneto but 
not the hand crank, is 25 pounds. The starting magneto is attached to 
the gear by a special strap which permits its removal without the use of 
wrenches, a feature of great advantage in working in the space between 
the engine and the fire- wall. The crank may be attached to either end of 
the worm shaft, and the gear as a whole may be mounted in several differ- 
ent angular positions. With an adapter plate between the gear and the 
engine, any desired angle between the starting crank and the horizontal 
may be obtained. The starting crank is made up with a long shank and 
is supplied with the end fittings not attached, so that it may be cut to the 
length best suited to the airplane in which it is used. 

The gear ratio between the hand crank and engine crankshaft is such 
that under ordinary conditions one man can turn the engine, unless the 
location of the crank with respect to other parts of the airplane is such as 
to prevent him from exerting his strength effectively. To meet unfavorable 
conditions, the grip on the crank has been made long enough to allow for 
cranking by two men. The hand crank is usually pinned permanently to 
the starter shaft, so that it may be carried in position, but if desired, the 
end of the crank may be fitted with a slot to allow it to be removed. Ball 
bearings on the spline shaft and on the worm shaft take the thrusts of the 
worm and gear. All parts are thoroughly lubricated by pressure feed from 
the engine oiling system. 

Eclipse Aviation Engine Starters. — The Eclipse aviation hand starter 
with booster magneto is shown at Fig. 814. The gear ratio is twenty to 
one for engines up to 2,000 cubic inches displacement, twelve to one for 
engines up to 1,400 cubic inches and six to one for engines up to 900 cubic 
inches displacement. It may be applied to any aviation engine having a 
standard attachment plate. It has been fitted to the Liberty, Wright, 
Curtiss and other types of engines. The weight complete with brackets, 
booster magneto and integral gearing is 28 pounds. The starter may be 
had without magneto if desired. 

The hand starter consists of a gear reduction operating an automatic 
meshing and demeshing mechanism through an adjustable multiple disc 
clutch, operating in grease. The purpose of the multiple disc clutch is to 
provide a disconnection in the drive in case of engine backfire. Means 
are provided for preventing backward rotation of the handcrank at back- 
fire, thus preventing any possibility of injuring the operator. The auto- 
matic shift mechanism, as well as the backfire clutch are absolutely identical 
with the mechanism used in the Eclipse Aviation Electric Starter. The 
complete hand starter weighs seventeen pounds. 

Provision has bee'n made to permit cranking from either side of the plane 
desired. A sufficient number of holes has been located in the mounting 
flange to permit a varied amount of angularity of the hand crankshaft, 
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in order to place the hand crank in the most accessible position when 
applying the starter to the ship. Where hand magneto is desired, an 
attachment consisting of gearing, magneto bracket and hand magneto 
complete can be furnished for adapting to the standard hand starter. The 
advantage of this attachment lies in the fact that under normal conditions 
an operator cranking the hand starter at approximately 80 r.p.m. to the 
crank handle shaft will spin the magneto armature at approximately 1,000 
r.p.m. The gear train transmitting rotation from the hand starter shaft 
to magneto armature is completely enclosed against entrance of dust. 
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Fig. 815. — Sectional Views of BMW Hand Starter Gear Showing Construction of 

Devices of this Character. 

BMW Hand Starting Gear. — The sectional view at Fig. 815 shows the 
BMW (German) hand starting gear for large engines and brings out the 
details of construction of such devices. .The engine is revolved by a hand 
crank through the medium of bevel and spur reduction gearing. There is 
a bevel pinion on the hand crank operated shaft, this meshing with a bevel 
gear mounted on an idler or intermediate shaft which drives a spur pinion. 
This in turn engages with a spur gear cut integrally into the outer pe- 
riphery of a double cone safety drive clutch member. The male portions of 
the drive are attached to the dog clutch that engages the corresponding member 
on the engine shaft. The bevel intermediate gear also drives the booster 
magneto shaft through a pinion at a considerably higher speed than the 
engine shaft is driven because of step up gearing in the magneto. There 
are two speed reductions between the hand crank and engine crankshaft, 
one between the bevel pinion and the gear it drives, the other between the 
spur pinion on the intermediate shaft and the spur gear on the safety drive 
clutch. If the engine should back fire, not only is the jaw clutch disengaged 
because of the tapering faces of the co-acting faces but the safety clutch 
also slips. All mechanism is enclosed in a dust proof casing. 

Large engines are often started by using the propeller or a hand turn- 
ing gear to put one or more of the cylinders at compression, depending upon 
the number of cylinders and then using a small booster magneto, somewhat 
like the old time telephone magneto only it is capable of generating high 
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Fig. 816. — Wiring Diagram Showing Installation of “Booster” Type Magneto on Fiat Aviation Engines. 
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tension spark and so wiring it to the switch that with the ignition switch 
on, briskly turning the small hand crank (the booster being placed on the 
instrument board or other convenient place in the pilot’s cockpit) will send 
a secondary impulse, via Ihc distributor of one of the lug magnetos to the 
sparkplugs in the cylinder holding compressed gas and starting the engine. 
Starting is not as positive by this system. A typical wiring diagram for 
Fiat A20 engine is shown at Fig. 816. 



Fig. 817. — Piping Diagram for Compressed Air Starter Used with Fiat Aviation 

Engines. 

The Fiat Air Starter. — As an example of a foreign development of an 
efficient air starting system, the writer presents that used on Fiat twelve- 
cylinder Vec engines previously described. The piping scheme is shown 
at Fig. 817. It consists of an engine driven air distributor timed in proper 
relation to the valve timing, the distributor being connected to the cylinder 
check valves by flexible tubing. A control panel, as shown in section at 
Fig. 818, combines a small priming tank which holds a quantity of fuel 
sufficient for several starts. The main air supply is carried in an air tank 
and compressed air may be obtained from a hand pump or from a small 
engine driven air pump or air bottles may be used. As will be seen from 
sectional view of control panel, small check valves permit air to go to air 
tank from either motor air pump or hand pump. When the air valve button 
is depressed to open the main air valve, the compressed air under pressure 
flows from the tank through the control panel, picking up some priming 
fuel on its way, then to the distributor to the cylinders in their proper 
firing order. The compressed air moves the pistons down, the fuel charged 
mixture fires just as gas from the carburetor would and the engine picks 
up its cycle. The grouping of the priming tank and fuel control cocks 
with the air valve and pressure gauge in one neat panel greatly simplifies 
the assembly. 
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Early Air Starting System. — The “Christensen” air starting system which 
was one of the pioneer forms which has been used in airships in the original 
or modified form is shown at Fig. 819. An air pump is driven by the engine, 
and this supplies air to an air reservoir or container attached to the fusel- 
age. This container communicates with the top of an air distributor when 
a suitable control valve is open. An air pressure gauge is provided to enable 
one to ascertain the air pressure available. The top of each cylinder is 
provided with a check valve, through which air can flow only in one direc- 
tion, i.e., from the tank to the interior of the cylinder. Under explosive 




Fig. 818.— Diagrams Showing Construction of Fiat Air Starter Control Panel which 
Incorporates Priming Tank and Control Valves and Pressure Gauge. 
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pressure these check valves close. The function of the distributor is prac- 
tically the same as that of an ignition tinier, its purpose being to distribute 
the air to the cylinders of the engine only in the proper firing order. All 
the while that the engine is running and the car is in motion the air pump 
is functioning, unless thrown out of action by an easily manipulated auto- 
matic control. When it is desired to start the engine a starting valve is 
opened which permits the air to flow to the top of the distributor, and then 
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Fig. 819. — Parts of the Christensen, a Pioneer Air Starting System Shown at A and 
Application of this Early System to an Eight-Cylinder “Vee” Type Motor at B 
Showing Check Valves and Piping. 

through a pipe to the check valve on top of the cylinder about to explode. 
As the air is going through under considerable pressure it will move the 
piston down just as the explosion would, and start the engine rotating. The 
inside of the distributor rotates and directs a charge of air to the cylinder 
next to fire. In this way the engine is given a number of revolutions, and 
finally a charge of gas will be ignited and the engine start off on its c)cle 
of operation. The parts shown at A are for a six-cylinde! engine, the instal- 
lation at B shows the method of mounting the air distributor and the piping 
leading to the check valves in an eigb^-cviirder Vee engine. 
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The Heywood Injection Air Starter. — One of the latest Aircraft acces- 
sories on the market to make aviation safe and to carry to the plane a 
modern degree of convenience is the Heywood High Pressure injection 
starter manufactured by the Heywood Starter Corporation, Detroit, Michi- 
gan. The Heywood starter is for use on engines in airships, seaplanes or 
land planes and large trucks, tractors and busses. A number of aircraft 
manufacturers are now equipping their products with this accessory as the 
modern engine used in commercial aircraft makes such a starter a necessity, 
it is well suited for aviation use as the average weight of the system is 
only 27 pounds, and its use eliminates hand-starting and cranking inasmuch 
as it is operated in the same manner as the starter used in the modern 



Fig. 820. — Air Compressor and Distributor of Heywood Air Starter has Standard 
Starter Flange Mounting for Attachment to Motor. 

automobile of today. The pilot, seated in the cockpit of his plane, merely 
pulls the starting button ; and due to the rapid operation of the starter’s 
mechanism, the engine responds almost instantly. The Heywood starter 
has been under test with the government for the last three years and has 
been accepted to a point where several engine manufacturers are designing 
their engines for its adaption. One of the severest tests was on the engine 
of the successful plane which was used by Captain Wilkins in his Arctic 
Expedition, the starter functioning perfectly in extreme cold temperatures; 
also was used on the Stinson plane which won the National Air Tour of 
1927. 
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A general description of the H ey wood starter is as follows : 

One size of Hev wood High Pressure Injection starter is suitable for 
small automobile engines and up to 800 horsepower aviation engines. The 
starter tank which is governed at 400 pounds pressure of air is 26 inches in 
length and six inches in diameter and supplies the power to start rotation 
and the injection to run the engine. The compressor which is shown at 
Fig. 820 and which is driven by the aviation engine never requires over 
one-quarter horsepower and is capable of refilling the tank with air which 



Pig. 821 . — Showing Application of Heywood Air Starter to Wright “Whirlwind” 
Engine. Note Pipes Leading from Distributor to Combined Check Valve and 
Sparkplug Fittings on Cylinders. 


is used for one start in about one minute. The weight of the complete 
starter averages 25 pounds to 30 pounds according to,the adaption. The 
method of fitting the compressor to a Wright “Whirlwind” engine is shown 
at Fig. 821. When starting the engine, the pilot primes in the usual way; 
but the gasoline used in priming does not go to the cylinders or in the 
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manifold of the engine but goes into a carburetor or gas chamber on the 
starter where it is held until the starter button is pulled. 

The operation of the starter is as follows : — The engine is primed in 
the usual way. The ignition is switched on, and the starter button is 
pulled. This pull allows the air to be released from the tank and goes 
through a tube to the starter into a chamber where it comes in contact 
with a rotating disc that has been timed with the engine. A hole in this 
disc allows the air to go through into a stationary disc to the proper tube 
leading to the cylinders which are on their power stroke thereby starting 
the engine in rotation. Simultaneously, part of this air in front of the 
rotating disc goes through a smaller hole back in on top of the gasoline that 
was put in the gas chamber by priming and starts forcing that gasoline 
through a small carburetor nozzle that projects through the center of the 
rotating disc up to a hole that opens to the stationary disc leading to the 
pipe that goes to the cylinders coming up under compression thereby 
giving these cylinders a richly carburetted mixture ready to fire; and the 
ignition being turned on, the engine starts running. During this action, 
the air keeps on forcing the pistons down on their power strokes, and the 
gasoline continues out of the gas chamber to the cylinders on compression 
until the gasoline has been exhausted from the starter gas chamber, which 
is sufficient to start any efficient engine under any weather conditions. 
The average engine is rotated by the I ley wood starter from 400 to 500 
r.p.m. In the end of the starter tank, there is a governor which controls the 
pressure when it reaches the adjusted point, usually 400 pounds. After 
starting, the automatic governor device allows the refilling of the tank with 
air until the pressure comes up to the adjusted point again. 

It is believed by the makers that the upkeep is far lower than that of 
any other starter. From instructions furnished by the makers Service 
Department, the ordinary aircraft mechanic can make the complete instal- 
lation. One advantageous factor of the Hey wood starter is that no damage 
can come to the aviation engine from the starter’s use which eliminates the 
damage that is customary from backfiring and also allows starting or use 
of the starter while on flight which would bring about a noticeable mo- 
mentary acceleration of the engine. Also another factor is the reduced 
stress on the parts of the engine when starting by a cushion start effect. 
Also when using a multi-engined plane, the pilot can start either or all 
engines from the cabin or pilot’s seat. The starter can also be used in test- 
ing new engines allowing the operator to have from ten to twenty starts 
with one tank of air before it is necessary to allow the engine to run to 
make a refill. Lubrication is taken care of from the oil line of the aviation 
engine and needs no care. The principal boon of the Heywood starter to 
the aviation enthusiast is that it spins the engine at a fast rate and needs 
only one man to make the start affording simple assembly and ease in 
operation. 

Eclipse Hand and Electric Inertia Starter Series VII. — This starter 
/^hown at Fig. 822 A which operates on the principle of the storing of energy 
in a flywheel, was designed to fill the need for a light and efficient unit 
capable of cranking an airplane engine at high speed and satisfactorily 
starting the same during cold weather without the use of an auxiliary 
booster magneto, or like devices. The Series VII starter is recommended 
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for use with engines of 2,500 cubic inch displacement, or smaller. The 
advantag-es of this type starter are obvious. The operator is enabled to 
make a start either on the ground or in the air merely by pressing a push 
button. This feature will be found particularly valuable in the case of a 
forced landing or with an engine stalling in flight. Cold weather starting 
is greatly facilitated because an instantaneous speed of approximately 125 
r.p.m. of the engine crankshaft is attained, and this speed insures delivery 
of gas to the cylinders and also permits of starting with a fully advanced 
spark. Attached to a standard Liberty engine, five to six complete revolu- 
tions of the propeller are obtained from one loading of energy in the fly- 
wheel. The amount of current consumed is entirely independent of the 



Fig. 822. — Eclipse Aviation Engine Starters. A — Combination Hand and Electric 
Inertia Starter. B — Concentric Type Inertia Starter. C — Hand Inertia Starter. 

stiffness or temperature of the engine, as the electric motor is merely used 
to accelerate a flywheel to a maximum speed of approximately 16,000 r.p.m., 
whereas in the electric starting motor type, the crankshaft is turned directly 
by the motor armature through gearing. 

The starter as furnished can be operated at will either manually or elec- 
trically. If, however, electrical equipment is not contemplated on the 
plane, the starter can be furnished without the electric motor, as shown at 
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Fig. 822 C a cover plate being mounted in its place. In such a case, how- 
ever, the motor can be applied at a later time without any change other 
than the removal of the plate, and the applying of a motor, which is held 
in place by four screws. The weight of the combination unit is 35 pounds. 
Without the electrical attachment the weight is 27 pounds. Despite its re- 
markably light weight, the device is sufficiently rugged to operate satis- 
factorily indefinitely. 

The flywheel is brought up to speed either manually or electrically, and 
the energy stored in same is released at the will of the operator by manu- 
ally engaging it through a gear reduction drive, clutch and engaging 
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Fig. 823. — Eclipse Combination Hand and Electric Starter. Crankshaft Can be Turned 
by Energy Stored in Flywheel of Starter which May be Rotated Either by Hand 

Crank or Electric Motor. 

mechanism with the crankshaft of the engine. The clutch is of the multi- 
ple disc type operating in grease, and can be adjusted for any predeter- 
mined torque to suit the engine to which the starter is applied. ^ The 
purpose of this clutch is to provide a disconnection in the drive in case of 
engine backfire, thus effectively preventing damage to any part of the 
mechanism. The electric motor is arranged to automatically engage with 
the flywheel upon closure of the electric circuit, and to disengage when the 
circuit is broken, thus relieving the starter at all times of any losses due to 
brush friction, particularly when hand cranking, v The normal speed of the 
flywheel is 16,000 r.p.m. when accelerated electrically. This speed can 
easily be reached manually, and even exceeded. In some instances, how- 
ever, it is possible to effect a start with a flywheel speed as low as 9,000 
r.p.m. From this an idea can he formed of the amount of reserve power 
present when the flywheel is fully accelerated. The minimum speed to 
effect a start can he procured electrically in from two to four seconds time 
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with a normal battery. From twelve to fourteen seconds is required to 
attain maximum flywheel speed. When accelerating' bv hand, maximum 
speed can be obtained in about one minute, depending- upon the operator. 

The electric motor is designed to operate in conjunction with a twelve 
volt airplane type storage battery. The average current consumption is 
120 amperes. Assuming that a fifteen ampere, fifteen volt generator is used 
at normal cruising speeds, an empty battery should be completely replen- 
ished in from five to six minutes time. Application of the unit can be made 
to practically any existing type of engine. Eighteen holes, twenty degrees 
apart are located in the mounting flange of the starter to permit of mounting 
the same at almost any desired angle, thereby greatly assisting in its easy 
application. If desired, the starter can be mounted in a completely inverted 
position without affecting its operation in any way. Provision has been 
made for cranking by hand from either side of the plane as desired, and in 
addition the hand crankshaft can be varied through a fifteen degree angle, 
either upwards or downwards with respect to the center line of the starter. 
This feature, combined with the ability to rotate the starter at the mount- 
ing flange, makes possible the location of the hand crank in the most 
accessible position when applying the starter to the ship. A manual hand 
crank with fixtures is furnished with each starter. Moving parts are com- 
pletely enclosed and protected against ingress of dust. No lubrication of 
any kind is required, as the starters when shipped from the factory contain 
sufficient lubrication to last indefinitely. The inertia starter is also made in 
the concentric form as shown at Fig. 822 B, well adapted to radial engines. 
This type is described in detail as it is a very popular type. A modified 
form permits of cranking from the cockpit, making a one man start possible. 

Eclipse Electric Starter, Twelve Volt. — This starting motor shown at 
Fig. 823 has been designed to mount at the ignition end of the Liberty 
twelve-cylinder engine, and is also applicable to such engines as the Curtiss, 
Wright and Packard, etc. The application of this type of starter has been 
considered standard by aviation engine manufacturers, and almost all of 
them are building their engines to receive this starting motor. This motor 
is furnished as a combination electric and hand unit. If desired as an elec- 
tric starter only, it can be furnished Avithout the hand attachment. 
Practically all of the installations of this starter are in the form of the 
combined electric and hand unit. The starting motor operates in conjunc- 
tion with a suitable twelve volt battery, of a size depending upon capacity, 
as well as other uses to which the battery may be put. Batteries are 
obtainable in weights ranging from 35 pounds to 70 pounds. Detailed 
information on batteries may be obtained direct from the battery makers. 
The unit will crank a standard twelve-cylinder Liberty engine at a speed 
of approximately 30 r.p.m. It consists of a small electric motor geared at 
a ratio of 100 to 1, the power of which is transmitted to an automatic 
engagement mechanism merely by closing an electrical switch contact. 
Disengagement is also effected automatically when the engine fires. A 
backfire release mechanism in the form of a multiple diSc clutch is incorpo- 
rated in the starter to prevent damage to the driving mechanism in the event 
of a backfire. It is designed, in the form shown for engines of 2,000 cubic 
inches displacement or smaller. 



BRISTOL GAS STARTER 


1729 


A hand crank attachment has been incorporated in the design of this 
device, such that should a storage battery not be available, the device may 
be used as a suitable hand crank, giving a reduction of approximately 
twenty to one, and using the same automatic meshing and demeshing 
mechanism, as well as backfir&J damage prevention device, as when the 
device operates as an electric starter. Means have also been provided for 
preventing backward rotation of the hand crank in case of backfire, thus 
preventing any possibility of injury to the operator. This hand crank 
attachment has been designed so that the engine can be cranked from either 
side, and by turning the crank handle in either direction, merely by the 
interchange of parts when assembling the hand crank unit. For outboard 
engine installation, that is for multicngine airplanes or airships, a mag- 
netically-operated, remote control solenoid switch and pilot push button 
switch are provided. This saves starting cable weight and makes for 
complete control of the electrical starting equipment within reach of the pilot. In 
addition to this, multiengine ships may be operated from a single battery. 
The total weight of the complete unit is 34 pounds. The above unit is 
suitable for engines up to 450 horsepower. Provision has been made for 
applying a larger electric motor with additional weight of 4 J / 2 pounds for 
engines in excess of 450 horsepower. 

The Bristol Gas Starter. — The large Reardmore engine previously shown 
and other large engines are said to be easily started by the Bristol gas 
starter, despite large size. The starter consists of a small air-cooled, single- 
cylinder, two-cycle engine driving a pumping cylinder that draws a supply 
of gasoline vapor and air from the carburetor of the starter engine and 
delivers it under pressure to the cylinders of the main engine. The delivery 
of the mixture to the latter is controlled by a small disc-valve distributor 
driven from the main engine at half the crankshaft speed and arranged so 
that the mixture enters the cylinders, first on the firing stroke and secondly 
for a part of the induction stroke. To avoid the loss of pressure which 
would occur from the escape of gas through the open inlet valves on the 
induction stroke, the port in the distributor is first closed this period by a 
spring-loaded mushroom valve, but when the main engine begins to turn freely, 
a hand lever is raised to open the valve referred to, gas then being admitted 
on the induction stroke. After a complete revolution in this condition, the 
cylinders and the whole of the induction system are thus filled with gas. 
Although the starter engine has only one cylinder, it is fitted with a 
two-cylinder type magneto and the second ignition lead is connected to the 
distributor of the magneto of the main engine. For the first part of the 
starting operation, this second lead is short-circuited, but when the main 
engine is turning freely and has been filled with gas as described, the 
short-circuiting switch is opened and the engine then fires and picks up on 
its own carburetors. A nonreturn valve is fitted in the starter connection 
to each cylinder of the main engine to isolate the starter when the engine 
is running normally. 

The starter will *maintain a gas pressure of 140 pounds per square inch, 
and it is capable of starting high-speed gasoline engines with cylinder 
Capacities up to 2,500 cubic inches or slow-speed oil engines up to 5,000 
cubic inches capacity. An important feature of the arrangement is the fact 
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that the only connections between the main engine and the starter are a 
small-bore pipe and a high-tension lead, and it is thus possible to locate the 
starter in any convenient position up to twenty feet from the engine. The 
weight of the starter unit is 50 pounds, so that it is suitable for use with 
aircraft engines, and, as the starter engine can be run continuously without 
overheating, it can be used for dri\ mg auxiliaries such as wireless genera- 
tors at such times that the plane is not in flight, a very convenient thing 
if a large seaplane was forced to alight away from shore or a commercial 
airplane had to land in a remote locality. The small generators ordinarily 
used for radio current are usually drhen by small air propellers that will 
turn only when the airplane is in flight, so a power driven unit w r ill make the 
radio operalne even when the airplane is not m flight due to failure of the 
main powerplant. 

Eclipse Series “6” Starter. — The eclipse aviation engine starter series 
“6,” is furnished in the following models: 


li'ith T\f»r “ A ” flam/ Cmnk With Type “ H" flam/ Crank 

Dimension 


Model 

Rotation 

1‘lltlll/C to JlltO 

Model 

Rotation 

M-1000 

clock 

1-7/16" 

M- 10.18 

clock 

M PX)4 

anti -clock 

1 -6/16" 

M-Ptt 2 

anti-clock 

M-1918 

clock 

1-6/16" 

i\ 1-1039 

clock 


The Series “6" Starter is of the concentric inertia type. Although 
particularly adaptable to engines of the radial type, it is equally suitable 
for starting those of the Vee type, as well as those with cylinders in line 
and will perform efficiently on engines up to and including 1 ,300 cubic inch 
displacement. Operation depends upon the storage of energy in a flywheel 
which is brought up to a high speed by manual operation of the hand crank. 
The high speed is attained through multiple gearing. The stored energy 
is then disbursed at the will of the operator in cranking the engine. In- 
cluded in the mechanism is a torque-overload release, wdiich prevents ab- 
normal stresses in the mechanism, should the engine back-kick while 
cranking. A sectional view of the device is shown at Fig 824. 

The drive from the flywheel to the engine passes through the following 
stages : — From the flywheel, through spur-gearing, to a counter-shaft, wdiich 
is in turn spur-geared to an internal gear having an integral sun pinion, to 
a final planetary dri\e. The planetary gears are mounted in a cage built 
into the end of a barrel assembly and mesh w ith a stationary internal gear. 
The barrel assembly rotates at engine crankshaft speed. The drive then 
passes through the torque-overload release, wdiich is in the form of a 
multiple disc clutch under adjustable spring pressure, to an internally 
threaded nut member within which is threaded a longitudinally slidable 
screw shaft splined to the starter driv ing jaw at its outer end. The meshing 
jaw is advanced through the medium of a compression spring and may be 
withdrawn by direct pull from the operating rod if for any reason the 
engine does not start and comes to rest w ith the jaws in mesh. All bear- 
ings are of the ball type and are standard except for those mounting the 
driving barrel. These are of the built-up cone type, and adjustment is 
provided for assembly purposes. Fifty-eight best quality steel balls are 
used at each end. 
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To apply this starter to the engine, remove the crankcase plate covering 
the opening to he occupied by the starter. Examine the end of the crank- 
shaft, ascertain if the engine jaw is the proper one, and make sure that it 
mates with the corresponding jaw on the starter. Refore proceeding 
further, be definitely certain that the outermost point of the engine jaw 
is 1 1 Vi g inch from the crankcase flange. However, in applying to Wright 
engines of the “J” series, the distance from the crankcase flange to the 
outermost point of the engine jaw is 1% 0 inch. The difference is taken up 
in the starter jaw, which is the only part affected. In any case there 



Fig. 824. — Sectional View of Eclipse Series 6 Concentric Starter Showing Internal 

Mechanism. 

should be approximately inch clearance between the engine jaw and 
starter jaw when the latter is out of mesh. This should always be checked 
when making an application. (Sec application dimensional drawing Fig. 
825 . ) 

The engine jaw is usually splined and mates with corresponding splines 
on the end of the crankshaft extension, or, in engines using an impeller, 
mates with splines on a counter shaft geared to the crankshaft. In most 
cases it is held in place longitudinally by means of a long screw extending 
through to the crankshaft to which it is threaded and locked by a heavy 
positive lockwasher. The studs used for bolting the starter to the engine 
arc furnished with the engine Standard nuts and lock-washers are used. 
Starters applied to engines to mesh directly with the crankshaft and to 
crank engine in a clockwise rotation (looking at the rear of engine) should 
be so mounted as to bring the hand crankshaft through the right side of 
the fuselage. The hand crank is then turned in a clockwise direction, the 
operator facing the propeller. For engines equipped with blowers and in 
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which the starter applies to a geared shaft to crank counter-clockwise 
(looking at the rear of the engine) the starter is mounted on the engine 
so as to bring the hand crankshaft through the left side of the fuselage. 
The hand crank is then turned in a counter-clockwise direction, the opera- 
tor facing the propeller. 


DIMENSION \L AITJ.ICATION I.AYOl'T— ECU l\si: SKTUL'S f. * STARTER — FOH T\ OJ "A’ CRANK 
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Fig. 825. — Eclipse Series 6 Starter for Type A Crank. 

The cranking shaft extending from the starter carries a ball and pin 
drive and provides for any slight mis-alignment of the hand crank assembly. 
Full details of hand crank construction are shown in Figs. 825 and 826. 
The hand crank assembly consists of a crank handle proper together 
with an extension tubing assembly. This extension assembly may be ad- 
vantageously applied in either of the following positions: 

The extension assembly may be permanently pinned Jo the crank handle, 
thus permitting the entiie crank assembly to be applied to the starter shaft 
and removed at will as shown at Fig. 825. 

The extension assembly may be permanently pinned to the starter shaft. 
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thus leaving the crank handle only to he attached or detached as desired. 
This assembly is shown in Fig. 826. 

In either case, a spiral slot is used to automatically disengage the hand 
crank when the operator ceases cranking. For either method of application 
the outer end of the extension tubing assembly is supported by a support 
bearing, (not furnished) mounted on the side of the fuselage. 




Fig. 826. — Eclipse Series 6 Starter for Type B Crank. 

In order to obtain maximum strength and reliability for a given weight 
the extension assembly is made of three individual parts consisting of two 
substantial heat-treated steel ends, with a piece of tubing between. If the 
extension tubing is too long for any particular application, one jaw may be 
removed and the tubing severed to the required length, and the jaw re- 
attached. Important: — The supporting bearing should be applied to 
the steel end, into which the crank handle assembles, the bearing being 
located between the two pins. In no case should the support be taken on 
the intermediate tubing, as such an installation places undue bending 
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stresses on this latter part and bending - will occur. However, the crank- 
handlc assembly is so strong and durable that no bending or other difficulty 
will be experienced if these instructions are followed. All pins used and 
furnished with the crank handle assembly are of heat-treated chrome nickel 
steel and no pins or bolts other than those furnished should be substituted. 
The same extension assembly may be used for starters of either direction 
of rotation. The spiral slots in the steel ends are of opposite direction, 
and inasmuch as only one spiral slot is used, choice of direction of rotation 
may be had. 
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CLUTCH SETTING - TORQUE IN FOOT POUNDS 



Fig. 827. — Chart at Top Shows Relation of Flywheel Torque to Clutch Setting. Lower 
Illustration Shows Set-Up for Measuring Clutch Value. 

The cranking shaft extending from the starter, with which this type of 
hand crank is used, has in its end an internal tapered bore to receive the 
hand crank assembly as shown in Fig. 826. The hand crank assembly 
consists of two units, a crank handle proper and the extension assembly. 
The extension assembly is particularly designed to be permanently pinned 
to the starter shaft, leaving the crank handle only to be attached or de- 
tached as desired. The extension assembly is made from thin wall heat- 
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treated steel tubing', the end being re-inforced with a steel plug. The end 
of the tubing is tapered such that after being pinned to the starter shaft 
there is sufficient universal action to provide for any slight mis-alignment 
of the hand crank assembly. The one end of the extension assembly is 
pinned to the starter shaft with a Y\ inch diameter pin which is a snug 
fit in the starter shaft but a clearance fit through the extension assembly, 
thus permitting unKxrsal action between the two. This pm is held in 
place by means of a cotter pin. The opposite end of the tubing is pinned 
to a hardened steel end piece which engages with the hand crank through 
a spiral slot. By the use of this spiral slot the hand crank is automatically 
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disengaged when the operator ceases cranking. Important: — The 
support bearing should be applied to the steel end into which the crank 
handle assembles, and not to the smaller diameter tubing. Care should be 
taken when mounting this bearing to line it up as closely in line with the 
starter shaft as is possible. This type of hand crank assembly is obtainable 
for starters of either direction of rotation. 

The starter is meshed by means of an operating rod extending from the 
starter, at the protruding end of which is keyed a lever with two arms at 
right angles. This provides for connecting an operating linkage running 
either to the side of the fuselage, or to the cockpit, or both, as is desired. 
This lever may be adjusted to any ninety degree position required. Al- 
though it has been found that a flexible wire may be used, the makers 
recommendation is that a stiff rod be provided to manually operate the 
starter engagement, inasmuch as, should the engine fail to start, it may be 
necessary to withdraw the starter jaw from engagement with the engine 
jaw, the accomplishment of which necessitates pushing the rod inward. 
In most cases the starter jaw will withdraw automatically, but if it should 
not the above operation may be resorted to. When the engine fires, the 
disengagement is automatic. 

Operation of Eclipse Series “6” Starter. — To start the engine, put the 
hand crank in place. Inspect the operating rod and make certain that the 
rod is in the disengaged position, assuring that the jaws are demeshed. 
Revolve the crank handle in proper direction of rotation. Best results are 
obtained by starting the cranking operation rather slowly without exerting 
any great force until an appreciable speed is attained, then exerting greater 
pressure on the crank handle as the speed increases. Efficient starting 
results are obtained at a maximum crank handle speed of 75 to 80 r.p.m. 
When maximum speed is reached remove the crank handle and with the 
spark advance lever fully advanced, turn on the ignition switch and pull 
the operating rod. It will be found that the use of a booster magneto is in 
most cases not necessary but if used will naturally facilitate starting, par- 
ticularly in cold weather. When the engine starts, no further attention 
to the starter is necessary, the disengagement being automatic. If, how- 
ever, the engine fails to start, push on the operating rod to insure disen- 
gagement of the drive and repeat the operations outlined above. 

Maintenance. — This starter should operate for thousands of starts with- 
out any attention whatsoever. Do Not Lubricate. All starters are 
properly and sufficiently lubricated at the factory. The addition of further 
lubricant will undoubtedly be injurious, as successful operation depends 
upon the free rotation of parts and improper lubrication will be detrimental. 
Should any trouble be experienced with the mechanism the makers em- 
phasize that it is their preference that the starter be removed from the en- 
gine and returned to the factory for necessary attention and prompt service 
will be rendered. If, perchance, the starter may have been disassembled, 
it is highly important that it be entirely cleaned before reassembling. After 
cleaning, oil the flywheel bearings with a slight amount of a good grade 
of light oil, also placing a slight amount of light beating grease between 
the two ball bearing assemblies, but not actually on the bearings themselves. 
All other parts should be covered with No. 32 Grcdag. It is extremely 
important that no other lubricant than that specified be used. 



STARTER CLUTCH SETTING 


1737 


CAUTION : — If for any reason the starter should be taken apart, be 
extremely careful that the following precautions are observed : 

1. See that operating lever may be freely manipulated. The travel of the 
starter jaw should be inch. 

2. See that starter can be turned over by applying rotation, by hand 
only, to exposed end of the driving barrel. 

3. Sec that starter jaw has r / ti inch endwise travel under spring pres- 
sure when holding operating rod in out-of-mesh position. 

4. See that the driving barrel has no appreciable side or end play. 

5. The clutch must be accurately reset to 500 foot pounds. Too low a 
value will prevent cranking of the engine while too high a value may 
cause serious injury to either the engine or starter mechanism. 

Clutch Setting. — All Series “6” starter clutches are carefully set at 500 
foot pounds at the factory, prior to shipment. No alteration in clutch set- 
ting should be necessary throughout the life of the starter. If, however, 
it is desired to reduce the setting to protect an engine drive, or increase the 
setting to operate an engine requiring a greater torque than that for which 
the clutch has been set, remove the clutch adjustment nut lock and insert 
a spanner wrench in the holes provided therefor in the adjustment nut. 
Turning the nut in an anti-clockwise rotation reduces the setting, while 
turning it in the clockwise direction increases the setting. Inasmuch as 
the clutch adjustment lock also locks the barrel adjustment of the bearings 
on which the barrel assembly is mounted, great care should be taken not 
to disturb this adjustment when resetting the clutch. The safest method 
is to examine the bearing adjustment carefully after making a clutch adjust- 
ment and reset if necessary. 

When starters are shipped from the factory, a dust protection, in the 
form of a cover, is mounted on the forward end over the starter jaw. This 
is for protection during shipment to exclude foreign matter from entering 
the starter bearings. This cover should not be removed until mounting 
the starter to engine and should then be returned to the factory at Hoboken, 
New Jersey, U. S. A. 

Determination of Clutch Value. — If the position of the clutch adjustment 
nut has been disturbed or the clutch reset, or if for any other reason it 
is deemed necessary to measure the torque value, the procedure as outlined 
below should be followed. The method used and the apparatus necessary 
are shown in Fig. 827. 

The apparatus consists of the following parts : 


Supporting Housing Part No. 4306 

Flywheel Clamp and Lever Arm Part No. 4307 

Spring Scale Part No. 4311 


The supporting housing is designed to be mounted to the starter flange 
and doweled to two opposite holes in the flange. On the inside of the hous- 
ing, in proper position to register with the teeth in the starter jaw are three 
pins rigidly mounted in the casting, for the purpose of locking the driving 
end of the starter against rotation. The housing is so shaped that it may 
act as a stand to support the starter on the work bench. For the purpose 
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of measuring torque at the flywheel a flywheel clamp arm “AB” is pro- 
vided, having an auxiliary lever arm “BE” pivoted to the clamp arm at one 
end, with means for mounting the spring scale between the opposite pro- 
jection “A” of the flywheel clamp arm and the lever “BE.” With such an 
arrangement handle “D” may be pulled, maintaining the angle “EAC” 
90 degrees. 

To measure the torque of the clutch proceed as follows : — Remove the 
cotter pin and meshing rod nut from the end of the meshing rod of the 
starter, and then remove the lock ring and starter jaw. By inserting a knife 
blade between the housing and the baffle plate, the latter mav then be 
removed. After removing the baffle plate, the starter jaw and the meshing 
rod nut may then be re-assembled and the starter mounted to the support- 
ing housing, jaw end down, so that the starter pilot registers with the bore 
in the supporting housing, also registering the dowels in the latter with 
two opposite holes in the starter flange. Rotate the flywheel, if necessary, 
to register the pins in the housing with the three teeth on the starter jaw. 

Remove the flywheel cover and place the flywheel clamp arm around 
the flywheel, locking it tightly thereto. Care must be taken to prevent 
accumulation of any dust or dirt at the flywheel end of the starter, as the 
flywheel is rotated on high speed ball bearings and the entrance of dirt 
at this point is highly detrimental. 

Hook the end of the scale in the hole in the end “A” of the clamp arm, 
and the opposite end in the hole “E” in the arm “BE”; then pull on the 
handle. When taking a reading, the flywheel should be rotated at as high 
a speed as is possible consistent with maintaining a constant speed. In 
as much as the distance from the center line of action of the scale to the 
flywheel center is one foot, the scale reading, after correcting for any 
initial reading, represents torque in foot pounds at the flywheel. 

After having taken a reading as described in the latter paragraph and 
correcting for initial reading, determine the clutch setting by referring to 
the curve at the top of Fig. 827. This curve shows the relation of flywheel 
torque in foot pounds plotted as the vertical ordinate, to the clutch setting 
in foot pounds torque plotted as the horizontal ordinate. For instance, 
at a normal clutch setting of 500 foot pounds, the spring scale should 
register 4.5 foot pounds torque at the flywheel. The curve has been marked 
for a maximum clutch setting of 600 foot pounds, which value should not 
be exceeded in order not to overstress the starter in the event of back-kick. 
The curve also indicates a normal clutch setting for engines of 800 cubic 
inches as 500 foot pounds, which has been found to be the most practical 
setting. In general clutch settings are dependent upon the size of the 
engine, the torque capacity of the starter and the torque transmitting parts. 
Too low a setting will cause clutch slippage in cold weather, while if the 
maximum setting is exceeded damage to the mechanism is liable to result. 

The engine jaw application in the case of the Wright “Whirlwind” 
engine is illustrated in Figure 828 A. In order to prevent oil splashed 
from the engine gears from entering at the central portion of the starter, 
an oil thrower (part No. 11,835) is mounted on a shoulder on the engine 
jaw (part No. 11,526) and clamped between the crankshaft extension and 
the engine jaw by means of a bolt (part No. 11,765) and a lockwasher. 
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Care must be taken to see that the oil thrower is mounted on the shoulder 
of the engine jaw so that it does not fall into the undercut at the end of the 
splines. This can best be checked by screwing the bolt all the way home 
and then backing it off approximately one revolution. The thrower may 
then be gripped at the flats with the thumb and the middle finger and 
rotated to check for concentricity with respect to the crankcase, at the same 
time ensuring that no side-play is present. Jn this manner it may easily 
be determined whether or not the oil thrower is properly located. The bolt 
may then be retightened. 

An oil seal has been incorporated on all Series “6” starters as illustrated 
in Figure 828 B. This is to prevent seepage of oil from the engine crank- 
case into the starter housings. A baffle plate is provided to completely 
cover the portion of the starter protruding into the crankcase, to protect 
the starter from oil splash. A leather seal is also assembled within the 
baffle plate, back of the starter jaw, in the event that the oil level, for any 
reason, approaches the opening in ihc baffle plate. 


QUESTIONS FOR REVIEW 

1. Name important classifications of airplane instruments 

2. Why arc engine instruments important ? 

3. Name necessary instruments all airplanes should be equipped with and state 
their purpose. 

4. What methods have been proposed for airplane propulsion" 

5. What is the difference between an “adjustable” and a “variable” pitch propeller? 

6. Describe construction of standard metal propeller. 

7. Flow is Curtiss-Reed metal propeller made? 

8. Describe I ley wood air starting system. 

9. What forms of electric starters are available? 

10. What is the value of propeller speed reduction gearing? 

11. Describe Eclipse Series 6 Starter. 

12. Why is proper starter clutch spring pressure important? 
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Carbon Scrapers End Wrenches Double End Wrenches 
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SMALL TOOLS USED IN MOTOR REPAIRING 
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Tool Kit — Stands for Overhauling Airplane Engines. 

Tools for Adjusting and Erecting. — A very complete outfit of small 
tools, some of which are furnished as part of the tool equipment of various 
engines are shown in group at Fig. 829. This group includes all of the tools 
necessary to complete a very practical kit and it is not unusual for the 
mechanic who is continually dismantling and erecting engines to possess 
even a larger assortment than indicated. The small bench vise provided is 
a useful auxiliary that can be clamped to any convenient bench or table or 
even fuselage longeron in an emergency and should have jaws at least three 
inches wide and capable of opening four or five inches. It is especially use- 
ful in that it will save trips to the bench vises, as it has adequate capacity 
to handle practically any of the small parts that need to be worked on 
when making repairs. A blow torch, tinner’s snips and soldering copper 
are very useful in sheet metal work and in making any repairs requiring 
the use of solder. The torch can be used in any operation requiring a source 
of heat. The large box wrench shown under the vise is used for removing 
large special nuts and sometimes has one end of the proper size to fit oil 
drain chamber caps. The piston ring removers are easily made from thin 
strips of sheet metal or hacksaw blades with the teeth ground off and 
surfaces ground down, securely brazed or soldered to a light wire handle. 
These are used in sets of three for removing and applying piston rings in 
a manner to be indicated. The uses of the wrenches, screwdrivers, and 
pliers shown are known to all and the variety outlined should be suffi- 
cient for all ordinary work of restoration. The wrench equipment is very 
complete, including a set of open end S-wrenches to fit all standard bolts, 
a spanner wrench, socket or box wrenches for bolts that are inaccessible 
with the ordinary type, adjustable end wrenches, a thin monkey wrench 
of medium size, a bicycle wrench for handling small nuts and bolts, a Still- 
son wrench for pipe and a large adjustable monkey wrench for the stub- 
born fastenings of large size. 

Forms of Pliers. — Four different types of pliers are shown, one being 
a parallel jaw type with size cutting attachment, while the other illustrated 
near it is a combination parallel jaw type adapted for use on round work as 
well as in handling flat stock. The most popular form of pliers is the 
combination pattern shown beneath the socket wrench set. This is made 
of substantial drop forgings having a hinged joint that can be set so that 
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a very wide opening at the jaws is possible. These can be used on round 
work and for wire cutting as well as for handling flat work. Round nose 
pliers are very useful also. The influence of aeronautics on the design of 
small hand tools is indicated in a set of three special pliers now offered by 
the Forged Steel Products Company, Newport, Penn., under the name of 
the “Aviator Kit.” Recognizing that light weight is an essential factor in 
any item of airplane equipment, these pliers have been designed with special 
reference to that requirement, but their lightness entails no sacrifice of 
strength. They are hammer forged from electric furnace alloy tool steel, 

individually hardened in liquid heat 
process and electrically tempered 
through and through, in distinction 
to surface-hardening. Foremost in 
the group is a general use plier of 
exclusive design with a long thin 
nose brought to a decided point. Its 
chief features are hand-filed cutters 
that cut with ease, deeply milled 
gripping teeth and end grip, adjust- 
able joint for expanding the grip- 
ping jaws and “vacuum grip” non- 
slip handles. The length of this 
plier is seven inches. For working 
in confined spaces inaccessible to 
ordinary pliers, the mechanic will 
find the 6 Vi inch long needle nose pattern a helpful adjunct. This pattern is also 
fitted with cutters and is deeply milled at the extremity of the jaws for securing 
a tight hold. The handles and jaws are spring tempered. The diagonal cutting 
nippers, shown in the illustration, measure six inches in length. They are light 
in weight, but are built for heavy duty work. This special Aviator’s Kit 
shown at Fig. 830 weighs only eighteen ounces. 

Miscellaneous Tools. — A very complete set of files, including square, 
half round, mill, flat bastard, three-cornered and rat tail are also necessary. 
A hacksaw frame and a number of saws, some with fine teeth for tubing 
and others with coarser teeth for bar or solid stock will be found almost 
indispensable. A complete punch and chisel set should be provided, sam- 
ples of which are shown in t*he group while the complete outfit is outlined 
in another illustration. A number of different forms and sizes of chisels 
are necessary, as one type is not suitable for all classes of work. The 
adjustable end wrenches can be used in many places where a monkey 
wrench cannot be fitted and where it will be difficult to use a wrench having 
a fixed opening. The Stillson pipe wrench is useful in turning studs, round 
rods, and pipes that cannot be turned by any other means though the care- 
ful mechanic makes as little use of this tool on finished parts as he can 
and then only to remove stubborn pieces that resist removal by other tools. 
Most piping used around aviation engines is thin walled copper or aluminum 
tubing so the Stillson wrench is not as necessary as it would be in a 
plumber's kit or for shop maintenance work. A complete shop kit must 



Fig. 830. — Special Aviator’s Kit of Pliers. 
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necessarily include various sizes for Stillson and monkey wrenches, as no 
one size can be expected to handle the wide range of work the general 
repairman must cope with. Three sizes of each form of wrench can be used, 
one, a six inch, is as small as is needed while a twelve inch tool will handle 
almost any piece of pipe or nut used in construction of even large engines. 

Hammers and Mallets. — Three or four sizes of hammers should be 
provided, according to individual requirement, these being small riveting, 
medium and heavyweight machinist’s hammers. A very practical tool of 
this nature for the repair shop can be used as a hammer, screwdriver or 



Fig. 831. — Wrenches are Offered in Many Forms. 

pry iron. It is known as the “Spartan” hammer and is a tool steel drop 
forging in one piece having the working surfaces properly hardened and 
tempered while the metal is distributed so as to give a good balance to the 
head and a comfortable grip to the handle. The hammer head provides a 
positive and comfortable T-handlc when the tool is used as a screwdriver 
or “tommy” bar. Machinist’s hammers are provided with three types of 
heads, these being of various weights. The form most commonly used is 
termed the “ball pein” on account of the shape of the portion used for 
riveting. The straight pern is just the same as the cross pein, except that 
in the latter the straight portion is at right angles to the hammer handle 
while in the former it is parallel to that member. Another useful adjunct 
is a soft head hammer in which lead or rawhide is used which is very handy 
for driving against finished surfaces. Copper hammers are apt to be too 
hard. A wood head mallet and a rubber head mallet or large hammer should 
be included in the tool equipment. 

Special Forms of Wrenches. — Wrenches have been made in infinite variety 
and there are a score or more patterns of different types of adjustable socket 
and off-set wrenches. The various wrench types that differ from the more 
conventional monkey wrenches or those of the Stillson pattern are shown at 
Fig. 831. The “perfect handle” is a drop forged open end form provided 
with a wooden handle similar to that: used on a monkey wrench in order to 
provide a better grip for the hand. The “Saxon” wrench is a double alli- 
gator form, so called because the jaws are in the form of a V-groove having 
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one side of the V plain, while the other is serrated in order to secure a tight 
grip on round objects. In the form shown, two jaws of varying sizes are 
provided, one for large work, the other to handle the smaller rods. One of 
the novel features in connection with this wrench is the provision of a triple 
die block in the center of the handle which is provided with three most 
commonly used of the standard threads including % ( j-inch-cighteen, ^-inch- 
sixteen, and J/2-inch-thirteen. This is useful in cleaning up burred threads 
on bolts before they are replaced, as burring is unavoidable if it has been 
necessary to drive them out with a hammer. The “Lakeside” wrench has 
an adjustable pawl engaging with one of a series of notches by which the 
opening may be held in any desired position. 

Ever since the socket trench was invented it has been a popular form 
because it can be used in many places where the ordinary open end or 
monkey wrench cannot be applied owing to lack of room for the head of the 
wrench. A typical set which has been made to fit in a very small space is 
shown at D. it consists of a handle, which is nickel-plated and highly 
polished, a long extension bar, a universal joint and a number of case hard- 
ened cold drawn steel sockets to fit all commonly used standard nuts and 
bolt heads. Two screwdriver bits, one small and the other large to fit the 
handle, and a long socket to fit sparkplugs are also included in this outfit. 
The universal joint permits one to remove nuts in a position that would be 
inaccessible to any other form of wrench, as it enables the socket to be 
turned even if the handle is at one side of an intervening obstruction. 

The “Pick-up” wrench, shown at E, is used for sparkplugs and the 
upper end of the socket is provided with a series of grooves into which a 
suitable blade carried by the handle can be dropped. The handle is pivoted 
to the top of the socket in such a way that the blades may be picked up 
out of the grooves by lifting on the end of the handle and dropped in again 
when the handle is swung around to the proper point to get another hold 
on the socket. The “Miller” wrench shown at E, is a combination socket 
and open end type, made especially for use with sparkplugs. Both the 
open end and the socket are convenient. The “Handy” set shown at G, 
consists of a number of thin stamped wrenches of steel held together in a 
group by a simple clamp fitting, w hich enables either end of any one of the 
four double wrenches to be brought into play according to the size of the 
nut to be turned. The “Cronk” wrench shown at II, is a simple stamping 
having an alligator opening at one end and a stepped opening capable of 
handling four different sizes of standard nuts or bolt heads at the other. 
Such wrenches are very cheap and are worth many times their small cost, 
especially for fitting nuts where there is not sufficient room to admit the 
more conventional and larger pattern. The “Starrett” wrench set, which 
is shown at I, consists of a ratchet handle together with an extension bar 
and universal joiryt, a sparkplug socket, a drilling attachment which takes 
standard square shank drills from ]/& inch to V 2 inch in diameter, a double 
ended screwdriver bit and several adjustments to go with the drilling 
attachment. Twenty-eight assorted cold drawn steel sockets similar in 
design to those shown at D, to fit all standard sizes yf square and hexag- 
onal headed nuts are also included. The reversible ratchet handle, which 
may be slipped over the extension bar or the universal joint and which 
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is also adapted to take the squared end of any one of the sockets is excep- 
tionally useful in permitting - , as it does, the instant release of pressure when 
it is desired to swing the handle back to get another hold on the nut. The 
socket wrench sets are usually supplied in hard wood or steel cases or in 
leather bags so that they may be kept together and protected against loss 
or damage. With a properly selected socket wrench set, either of the 
ratchet handle or T-handlc form, any nut on the engine may be reached 
and end wrenches will not be necessary. 



Fig. 832. — Illustrating Use and Care of Files. A — File Cleaning Brush. B — How to 
Remove Soft Metal from File Teeth. C — Method of Holding Small Flat File to Pre- 
vent Springing. D — Handles for Files Used on Flat Surfaces. E — How to Drawfile. 

Use and Care of Files. — Mention has been previously made of the im- 
portance of providing a complete set of files and suitable handles. These 
should be in various grades or degrees of fineness and three of each kind 
should be provided. In the flat and half round files three grades are nec- 
essary, one with coarse teeth for roughing, and others with medium and 
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fine teeth for the finishing* cuts. The round or rat tail file is necessary in 
filing out small holes, the half round for finishing the interior of large ones. 
Half round files are also welt adapted for finishing surfaces of peculiar 
contour, such as the inside of hearing boxes, connecting rod and main bear- 
ing caps, etc. Square files are useful in finishing keyways or cleaning 
out burred splines, while the triangular section or three-cornered file is of 
value in cleaning out burred threads and sharp corners. Flat files are used 
on all plane surfaces. 



Fig. 833. — Outlining Use of Cotter Pin Pliers at A. B Shows Simple Cotter Pin 
Extractor. C — Cape Chisel. D — Cutting Chisel. E — Round Point Grooving Chisel. 
F — Diamond Point Grooving Chisel. G — Center Punch. H — Winder for Small Coil 

Springs. 

The file brush shown at Fig. 832 A, consists of a large number of wire 
bristles attached to a substantial wood back having a handle of convenient 
form so that the bristles may be drawn through the interstices between the 
teeth of the file to remove dirt and grease. If the teeth are filled with pieces 
of soft metal, such as solder or babbitt, it may be necessary to remove this 
accumulation with a piece of sheet metal as indicated at Fig. 832 B. The 
method of holding a file for working on plane surfaces when it is fitted with 
the regular form of wooden handle is shown at C, Avhile two types of 
handles enabling the mechanic to use the flat file on plane surfaces of such 
size that the handle type indicated at C, could not bee used on account of 
interfering with the surface finished are shown at D. The method of using 
a file when surfaces are finished by draw filing is shown at E. This differs 
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from the usual method of filing and is only used when surfaces are to be 
polished and very little metal removed. Files must be handled very care- 
fully as they may remove more metal than required in fitting pieces. Hard 
pieces cannot be filed and an y rough spots can be taken down with fine 
emery cloth or with a carborundum stone. 

Split Pin Removal and Insertion. — One of the most widely used of the 
locking means to prevent nuts or bolts from becoming loose is the simple 
split pin, sometimes called a “cotter pin.” These can be handled very 
easily if the special pliers shown at Fig. 8.33 A, are used. They have a 
curved jaw that permits of grasping the pin firmly and inserting it in the 
hole ready to receive it. It is not easy to insert these split pins by other 
means because the ends arc usually spread out and it is hard to enter the 
pin in the hole. With the cotter pin pliers the ends may be brought close 
together and as the plier jaws are small the pin may be easily pushed in 
place. Another use of this plier, also indicated, is to bend over the ends of 
the split pin in order to prevent it from falling out. To remove these pins 
a simple curved lever, as shown at Fig. 833 15, is used. This has one end 
tapering to a point and is intended to be inserted in the eye of the cotter 
pin, the purchase offered by the handle permitting of ready removal of 
the pin even after the ends have been closed by the cotter pin pliers. 

Complete Chisel Set. — A complete chisel set suitable for repair shop 
use is also shown at Frg. 833. The type at C is known as a “cape” chisel 
and has a narrow cutting point and is intended to chip keyways, remove 
metal out of corners, and for all other work where the broad cutting edge 
chisel, shown at D, cannot be used. The form with the wide cutting edge 
is used in chipping, cutting sheet metal, etc. At F, a round nose chisel 
used in making oil ways is outlined, while a similar tool having a pointed 
cutting edge and often used for the same purpose is shown at F. The 
center punch depicted at G, is very useful for marking parts either for 
identification or for drilling. In addition to the chisels shown, a number of 
solid punches or drifts resembling very much that shown at E, except that 
the point is blunt should be provided to drive out taper pins, bolts, rivets, 
and other fastenings of this nature. These should be provided in the 
common sizes. A complete set of real value would start at l /^ inch and 
increase by increments of inch up to j/j inch. A simple spring winder 
is shown at Fig. 833 II, this making it possible for the repairman to wind 
coil springs, either on the lathe or in the vise. It will handle a number 
of different sizes of wire and can be set to space the coils as desired. 

Hand Drilling Machines. — Drilling machines may be of two kinds, hand 
or power operated. For drilling small holes in metal it is necessary to run 
the drill fast, therefore the drill chuck is usually driven by gearing in order 
to produce high drill speed without turning the handle too fast. A small 
hand drill is shown at Fig. 834 A, and is commonly termed an “egg beater” 
by shop men. As will be observed, the chuck spindle is driven by a small 
bevel pinion, which in turn, is operated by a large bevel gear turned by 
a crank. The gear ratio is such that one turn of the handle will turn the 
chuck five or six resolutions. A drill of this design is not suited for drills 
any larger than one-quarter inch. For use with drills ranging from one- 
eighth to three-eighths, or even half-inch the hand drill presses shown at 
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C and D are used. These have a pad at the upper end by which pressure 
may be exerted with the chest in order to feed the drill into the work, and 
for this reason they are termed “breast drills.” The form at C has com- 
pound gearing, the drill chuck being driven by the usual form of bevel 
pinion in mesh with a larger bevel gear at one end of a countershaft. A 
small helical spur pinion at the other end of this countershaft receives its 
motion from a larger gear turned by the hand crank. This arrangement 



Fig. 834. — Forms of Hand Operated Drilling Machines. A — “Eggbeater” for Small 
Drills. B— “Old Man” or Ratchet Drill for Heavy Work. C and D — Breast Drills. 
E — Carpenter’s Bitstock for Boring Holes in Wood. 

of gearing permits of high spindle speed without the use of large gears, 
as would be necessary if but two were used. The form at D gives two 
speeds, one for use with small drills is obtained by engaging the lower 
bevel pinion with the chuck spindle and driving it by the large ring gear. 
The slow speed is obtained by shifting the clutch so that the top bevel 
pinion drives the drill chuck. As this meshes with a gear but slightly larger 
in diameter, a slow speed of the drill chuck is possible. Breast drills are 
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provided with a handle screwed into the side of the frame, these are used 
to steady the drill press. For drilling- extremely larg-e holes which are 
beyond the capacity of the usual form of drill press the ratchet form shown 
at B, may be used or the bit brace outlined at E. The drills used with 
either of these have square shanks, whereas those used in the drill presses 
have round shanks. The bit brace is also used widely in wood work and the 
form shown is provided with a ratchet by which the bit chuck may be 
turned through only a portion of a revolution in either direction if desired. 





c 




Fig. 835. — Forms of Drills Used in Hand and Power Drilling Machines. 


Drills, Reamers, Taps and Dies. — Tn addition to the larger machine tools 
which this treatise does not cover and the simple hand tools previously 
described, an essential item of equipment of any engine or plane repair 
shop, even in cases where the ordinary machine tools such as lathes, drill 
presses, etc. are not provided, is a complete outfit of drills, reamers, and 
threading tools. Drills are of two general classes, the flat and the twist 
drills. The flat drill has an angle between cutting edges of about 110 degrees 
and is usually made from special steel commercially known as drill rod. 
A flat drill cannot be fed into the work very fast because it removes metal 
by a scraping, rather than a cutting process. The twFt drill in its simplest 
form is cylindrical throughout the entire length and has spiral flutes which 
are ground off at the end to form the cutting lip and which also serve to 
carry the metal chips out of the holes. The simple.st form of twist drill 
used is shown at Fig. 835 C, and is known as a “chuck” drill, because it 
must be placed in a suitable chuck to turn it. A twist drill removes metal 
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by cutting and it is not necessary to use a heavy feed as the drill will tend 
to feed itself into the work. 

Larger drills than inch are usually made with a tapered shank as 
shown at Fig. 835 B. At the end of the taper a tongue is formed which 
engages with a suitable opening in the collect, as the piece used to support 
and drive the drill is called. The object of this tongue is to relieve the 
tapered portion of the drill from the stress of driving by frictional contact 
alone, as this would not turn the drill positively and the resulting slippage 
would wear the socket, this depreciation changing the taper and making 

it unfit for other drills. The tongue 
is usually proportioned so it is ade- 
quate to drive the drill under any 
condition. A small keyway is pro- 
vided in the collet into which a taper- 
ing key of flat stock may he driven 
against the end of the tongue to 
drive the drill from the spindle. A 
standard taper for drill shanks gen- 
erally accepted by the machine trade 
is known as the Morse and is a 
taper of five-eighths of an inch to 
the foot. The Brown and Sharp 
form tapers six- tenths of an inch to 
the foot. The Brown and Sharp 
form tapers six-tenths of an inch 
to the foot. Care must be taken, 
therefore, when purchasing drills 
and collets, to make sure that the tapers coincide, as no attempt should be made 
to run a Morse taper in a Brown and Sharp collet, or vice versa. 

Sometimes cylindrical drills have straight flutes, as outlined at Fig. 
835 A. Such drills are used with soft metals as lead, aluminum and brass 
and are of value when the drill is to pass entirely through the work. The 
trouble with a drill with spiral flutes is that it will tend to draw itself 
through as the cuting lips break through. This catching of the drill may 
break it or move the work from its position. With a straight flute drill 
the cutting action is practically the same as with the flat drill shown at 
Fig. 835 E and F. 

If a drill is employed in boring holes through close-grained, tough 
metals, as wrought or malleable iron and steel, the operation will be facili- 
tated by lubricating the drill with plenty of lard oil or a solution of soda 
and water. Either of these materials will effectually remove the heat 
caused by the friction of the metal removed against the lips of the drill, 
and the danger of heating the drill to a temperature that will soften it by 
drawing the temper is minimized. In drilling large or deep holes it is good 
practice to apply the lubricating medium directly at the drill point. Special 
drills of the form having a spiral oil tube running in a suitably formed 
channel, provides communication between the point c of the drill and a 
suitable receiving hole on a drilled shank. The oil is supplied by a pump 
and its pressure not only promotes positive circulation and removal of heat, 



Fig. 836. — Useful set of Number Drills, 
Showing Stand for Keeping These in an 
Orderly Manner. 
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but also assists in keeping the hole free of chips. In drilling steel or 
wrought iron, lard oil applied to the point of the drill will facilitate the 
drilling, but this material should never be used with either brass or cast 
iron. 

The sizes of drills to be provided depend upon the nature of the work 
and the amount of money that can be invested in drills. It is common 
practice to provide a set of drills, such as shown at Fig. 836, which are 
carried in a suitable metal stand, these being known as number drills on 
account of conforming to the w ire gauge standards. Number drills do not 
usually run higher than : / U \ inch in diameter, lieyond this point drills are 
usually sold by the diameter. A set of chuck drills, ranging from to 
Y\ inch, advancing by inch, and a set of Morse taper shank drills rang- 
ing from vj t () 1}4 inches, by increments of y ui inch, will be all that is 
needed for the most pretentious repair shop, as it is cheaper to bore holes 
larger than 1J4 inches with a boring tool than it is to carry a number of 
large drills in stock that would be used very seldom, perhaps not enough 
to justify their cost. 

In grinding drills, care must be taken to have the lips of the. same 
length, so that they w r ill form the same angle with the axis. If one lip is 
longer than the other, as shown in the Hat drill at Fig. 835 1C, the hole 
will be larger than the drdl size, and all the work of cutting will come upon 
the longest lip. The drill ends should be symmetrical, as shown at Fig. 
835 F. 

Types and Use of Reamers. — It is considered very difficult to drill a hole 
to an exact diameter, but for the most work a variation of a few thousandths 
of an inch is of no great moment. Where accuracy is necessary, holes must 
be reamed out to the required size. In reaming, a hole is drilled about 
% 4 inch smaller than is required, and is enlarged with a cutting tool known 
as the reamer. Reamers are usually of the fluted form shown at Fig. 837 A. 
Tools of this nature are not designed to remove considerable amounts of 
metal, but are intended to augment the diameter of the drill hole by only 
a small fraction of an inch. Reamers are tapered slightly at the point in 
order that they will enter the hole easily, but the greater portion of the 
fluted part is straight, all cutting edges being parallel. Hand reamers are 
made in either the straight or taper forms, that at A, Fig. 837, being 
straight, w T hile P> has tapering flutes. They are intended to be turned by a 
wrench similar to that employed in turning a tap, as showm at Fig. 839 C. 
The reamer shown at Fig. 170 C is a hand reamer. The form at 1) has 
spiral flutes similar to a twist drill, and as it is provided with a taper shank 
it is intended to be turned by pow er through the medium of a suitable collet. 

As the solid reamers become reduced in size when sharpened, various 
forms of inserted blade reamers have been designed. One of these is shown 
at E, and as the cutting surfaces become reduced in diameter it is possible 
to replace the worn blades w r ith others of proper size. Expanding reamers 
are of the form shown at F. These have a bolt passing through that fits 
into a tapering hole in the interior of the split reamer portion of the tool. 
If the hole is to be ^enlarged a few thousandths of an inch, it is possible to 
draw up on the nut just above the squared end of the shank, and by draw- 
ing the tapering wedge farther into the reamer body, the cutting portion 
will be expanded and will cut a larger hole. 
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Reamers must be very carefully sharpened or there will be a tendency 
toward chattering with a consequent production of a rough surface. There 
are several methods of preventing this chattering, one being to separate 
the cutting edges by irregular spaces, while the most common method, and 
that to be preferred on machine reamers, is to use spiral flutes, as shown 
at Fig. 837 1). Special taper reamers are made to conform to the various 
taper pin sizes which are sometimes used in holding parts together in an 
engine. A taper of x f g inch per foot is intended for holes where a pin, 
once driven in, is to remain in place. When it is desired that the pin be 
driven out, the taper is made steeper, generally J4 inch per foot, which is the 
standard taper used on taper pins. 
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Fig. 837. — Standard Forms of Hand and Machine Reamers. 

Use of Taps and Dies. — When threads are to be cut in a small hole, it 
will be apparent that it will be difficult to perform this operation economi- 
cally on a lathe, therefore when internal threading is called for, a simple 
device known as a “tap” is used. There are many styles of taps, all con- 
forming to different standards. Some are for metric or foreign threads, 
some conform to the American standards, while others are used for pipe 
and tubing. Hand taps are the form most used in repail shops, these being 
outlined at Fig. 838 A and B. They are usually sold in sets of three, known 
respectively as taper, plug, and bottoming. The taper tap is the one first put 
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into the hole, and is then followed by the plug tap which cuts the threads 
deeper. If it is imperative that the thread should be full size clear to the 
bottom of the hole, the third tap of the set, which is straight-sided, is used. 
It would be difficult to start a bottoming tap into a hole because it would be 
larger in diameter at its point than the hole. The taper tap, as shown at 
A, Fig. 838, has a portion of the cutting lands ground away at the point 
in order that it will enter the hole and some taps have even a more pro- 
nounced taper than is shown in the illustration. The manipulation of a 
tap is not hard, as it does not need to be forced into the work, as the thread 
will draw it into the hole as the tap is turned. The tapering of a tap is 
done so that no one thread is called upon to remove all of the metal, as 
for about half way up the length of the tap each succeeding thread is cut a 
little larger by the cutting edge until the full thread enters the hole. Care 
must be taken to always enter a tap straight in order to have the threads 
at correct angles to the surface. 



Fig. 838. — Taps and Dies for Thread Cutting. 


In cutting external threads on small rods or on small pieces, such as 
bolts and studs, it is not always economical or possible to do this work 
in the lathe, especially in repair work. Dies are used to cut threads on 
pieces that are to be placed in tapped holes that have been threaded by the 
corresponding size of tap. Dies for small work are often made solid, as 
shown at Fig. 838 C, but solid dies are usually limited to sizes below 
l /2 inch. Sometime* the solid die is cylindrical in shape, with a slot through 
one side which enables one to obtain a slight degree of adjustment by 
squeezing the slotted portion together with an adjusting screw but the 
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degree of variation obtainable by this method is slight. Large dies, or the 
sizes over l / 2 inch, are usually made in two pieces in order that the halves 
may be closed up or brought nearer together. The advantage of this 
form of die is that either of the two pieces may be easily sharpened, and 
as it may be adjusted very easily the. thread may be cut by easy stages. 
For example, tli c die may be adjusted to cut large, which will produce a 
shallow thread that will act as an accurate guide when the die is closed 
up and a deeper thread cut. Less effort will be required. 




Fig. 839. — Showing Holders for One and Two-Piece Thread Cutting Dies. 

A common form of die holder for an adjustable die is shown at Fig. 839 
A. As will be apparent, it consists of a central body portion having guide 
members to keep the die pieces from falling out and levers at each end in 
order to permit the operator to exert sufficient force to remove the metal. 
The method of adjusting the depths of thread with a clamp screw when a 
two-piece die is employed is also clearly outlined. The diestock shown at 
B is used for the smaller dies of the one-piece pattern, having a slot in 
order that they may be closed up slightly by the clamp screw. The reverse 
side of the diestock shown at B is outlined below it, and the guide pieces, 
which may be easily moved in or out, according to the«size of the piece to 
be threaded by means of eccentrically disposed semi-circular slots in the 
adjustment plate, are shown. These movable guide members have small 
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pins let into their surface which engage the slots, and they may be moved 
in or out, as desired, according to the position of the adjusting plate. The 
use of the guide pieces makes for accurate positioning or centering of the 
rod to be threaded. Dies are usually sold in sets, and are commonly 
furnished as a portion of a complete outfit such as outlined at Fig. 840. 
That shown has two sizes of diestock, a tap trench, eight assorted dies, 
eight assorted taps, and a small screwdriver for adjusting the die. An 
aviation engine repair shop should be provided with three different sets 
of taps and dies, as three different standards for the bolts and nuts are used 
in fastening automotive components. These are the American; metric (used 
on foreign engines), and the S. A. E. aeronautic standard threads. A set 
of pipe dies and taps will also be found useful in general shop maintenance 
work and for building various appliances such as engine stands, etc., of 
piping. 



Fig. 840. — Useful Outfit of Taps and Dies for the Engine Repair Shop. 

Measuring Tools. — The tool outfit of the machinist or the mechanic who 
aspires to do machine work must include a number of measuring tools 
which are not needed by the floor man or one who merely assembles and 
takes apart the finished pieces. The machinist who must convert raw 
material into finished products requires a number of measuring tools, some 
of which are used for taking only approximate measurements, such as 
calipers and scales, while others are intended to take very accurate measure- 
ments, such as the Vernier and the micrometer. A number of common 
forms of calipers are shown at Fig. 841. These are known as inside or out- 
side calipers, depending upon the measurements they are intended to take. 
That at A is an inside caliper, consisting of two legs, A and 1), and a 
gauging piece, B, which can be locked to leg A, or released from the 
member by the screw, C. The object of this construction is to permit of 
measurements being taken at the bottom of a two diameter hole, where the 
point to be measured is of larger diameter than the portion of the hole 
through which the calipers entered. It will be apparent that the legs A 
and D must be brought close together to pass through the smaller holes. 
This may be done Without losing the setting, as the guide bar B will remain 
in one position as determined by the size of the hole to be measured, while 
the leg A may be swung in to clear the obstruction as the calipers are lifted 
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out. When it is desired to ascertain the measurements the leg A is pushed 
back into place into the slotted portion of the guide B, and locked by the 
clamp screw C. A tool of this form is known as an internal transfer caliper. 

The form of caliper shown at B is an outside caliper. Those at C and 
D are special forms for inside and outside work, the former being used, if 
desired, as a divider, while the latter may be employed for measuring the 
walls of tubing. The calipers at E are simple forms, having a friction joint 
to distinguish them from the spring calipers shown at B, C and D. In order 
to permit of ready adjustment of a spring caliper, a split nut as shown at 
G is sometimes used. A solid nut caliper can only be adjusted by screwing 
the nut in or out on the screw, which may be a tedious process if the caliper 
is to be set from one extreme to the other several times in succession. With 
a slip nut as shown at G it is possible to slip it from one end of the thread 
to the other without turning it, and of locking it in place at any desired 
point by simply allowing the caliper leg to come in contact with it. The 
method of adjusting a spring caliper is shown at Fig. 841 H. 




Fig. 841. — Common Forms of Inside and Outside Caliper Useful for Taking and 

Transferring Measurements. 

Rules and Scales. — Among the most common of the machinst’s tools 
are those used for linear measurements. The usual forms are shown in 
group. Fig. 842. The most common tool, which is widely known, is the 
carpenter’s folding two-foot or six-foot rule or the yardstick. While these 
are very convenient for taking measurements where great accuracy is not 
required, the engine mechanic must work much more accurately than the 
carpenter, and the standard steel scale which is shown at D, is a popular 
tool for the machinist or engine man. The steel scale is in reality a gradu- 
ated straight edge and forms an important part of various measuring tools. 
These are made of high grade steel and vary from one to 48 inches in 
length. They are carefully hardened in order to preserve the graduations, 
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and all surfaces and edges are accurately ground to insure absolute paral- 
lelism. The graduations oil the high grade scales are produced with a 
special device known as a dividing engine, but on cheaper scales, etching 
suffices to provide a fairly accurate graduation. The steel scales may be 
very thin and flexible, or may be about an eighth of an inch thick on the 
twelve-inch size, which is that commonly used with combination squares, 
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Pig. 842. — Measuring Appliances for the Aero Machinist and Engine Repair Mechanic. 

protractors and other tools of that nature. The repairman’s scale should be 
graduated both with the English system, in which the inches are divided 
into eighths, sixteenths, 32d’s and 64th’s, and also in the metric system, 
divided into millimeters and centimeters. Some machinists use scales 
graduated in tenths, twentieths, 50th’s and lOOth’s. This is not as good 
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a system of graduation as the more conventional one first described as 
dimensions are either in inch units or metric units. 

Some steel scales are provided with a slot or groove cut the entire 
length on one side and about the center of the scales. This permits the 
attachment of various fittings such as the protractor head, which enables 
the machinist to measure angles, or in addition the heads convert the scale 
into a square or a tool permitting the accurate bisecting of pieces of cir- 
cular section. Two scales are sometimes joined together to form a right 
angle, such as shown at Fig. 842 C. This is known as a square and is very 
valuable in ascertaining the truth of vertical pieces that are supposed to 
form a right angle with a base piece. 



Fig. 843. — At Left, Special Form of Vernier Caliper for Measuring Gear Teeth; at 
Right, Micrometer and Extension Points for Making Accurate Internal Measurements. 

Vernier and Its Use. — The Vernier is a device for reading finer divi- 
sions on a scale than those into which the scale is divided. Sixty-fourths 
of an inch are about the finest division that can be read accurately with the 
naked eye. When fine work is necessary a Vernier is employed. This 
consists essentially of two rules so graduated that the true scale has each 
inch divided into ten equal parts, the upper or Vernier portion has ten 
divisions occupying the same space as nine of the divisions of the true 
scale. It is evident, therefore, that of the divisions of the Vernier is equal 
to nine-tenths of one of those on the true scale. If the Vernier scale is 
moved to the right so that the graduations marked “1” shall coincide, it 
will have moved one-tenth of a division on the scale or one-hundredth of an 
inch. When the graduations numbered five coincide the Vernier will have 
moved five-hundredths of an inch ; when the lines marked zero and ten coin- 
cide, the Vernier will have moved nine-hundredths of an inch, and when 
ten on the Vernier comes opposite ten on the scales, the upper rule will have 
moved ten-hundredths of an inch, or the whole of one division on the 
scale. J »y this means the scale, though it may be graduated only to tenths 
of an inch, may be accurately set at points with positions expressed in 
hundredths of an inch. When graduated to read in thousandths, the true 
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scale is divided into fifty parts and the Vernier into twenty parts. Each 
division of the Vernier is therefore equal to nineteen-twentieths of one of 
the true scale. If the Vernier be moved so the lines of the first division 
coincide, it will have moved one-twentieth of one-fiftieth, or .001 inch. 
The Vernier principle can be readily grasped by studying the section of 
the Vernier scale and true scale shown at Fig. 84,1 A. 

The caliper scale which is shown at Fig. 842 A, permits of taking the 
over-all dimension of any parts that will go between the jaws. This scale 
can be adjusted very accurately by means of a fine thread screw attached 
to a movable jaw and the divisions mav be divided by eye into two parts 
if one sixty-fourth is the smallest of the divisions. A line is indicated on 
the movable jaw and coincides with the graduations on the scale. As will 
be apparent, if the line does not coincide exactly with one of the gradua- 
tions it will be at some point between the lines and the true measurement 
may be approximated without trouble. 



Fig. 844. — Measuring Appliances of Value in Airplane Engine Repair Work. 


A group of various other measuring tools of value to the machinist is 
shown at Fig. 844. The small scale at A is termed a “center gauge,” be- 
cause it can be used to test the truth of the taper of either a male or female 
lathe center. The two smaller nicks, or v’s, indicate the shape of a standard 
thread, and may be used as a guide for grinding the point of a thread- 
cutting tool. The cross level which is shown at B is of marked utility in 
erecting, as it will indicate absolutely if the piece it is used to test is level. 
It will indicate if the piece is level along its width as well as its length. 

A very simple attachment for use with a scale that enables the machinist 
to scribe lines along the length of a cylindrical piece is shown at Fig. 844 
Cr These are merely small wedge-shaped clamps having an angular face 
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to rest upon the bars. The thread pitch gauge which is shown at Fig. 844 
D, is an excellent pocket tool for the mechanic, as it is often necessary to 
determine without loss of time the pitch of the thread on a bolt or in a nut. 
This consists of a number of leaves having serrations on one edge corre- 
sponding to the standard thread it is to be used in measuring. The tool 
shown gives all pitches up to 48 threads per inch. 'The leaves may be 
folded in out of the way when not in use, and their shape admits of their 
being used in any position without the remainder of the set interfering 
with the one in use. The fine pitch gauges have slim, tapering leaves of 
the correct shape to be used in finding the pitch of small nuts. As the 
tool is round when the leaves are folded back out of the way, it is an 
excellent pocket tool, as there are no sharp corners to wear out the pocket. 
Practical application of a V ernier having measuring heads of special form 
for measuring gear teeth is shown at Fig. 843 A. As the action of this tool 
has been previously explained, it will not be necessary to describe it further. 
Another useful measuring appliance is a set of “feeler” gauges which are 
made of spring steel in various thicknesses as expressed in .001 inch (one 
thousandth of an inch) increments. These are in the form of tongues or 
leaves riveted at one end in a handle, just as a knife blade is, so that one 
or more of the thin tongues may be used to measure with. Such gauges 
are of great value in determining piston ring gaps, magneto breaks, valve 
stem clearances, etc. Dial indicators on special measuring heads are valu- 
able for testing cylinder bores, etc., and are an important item of shop 
equipment. 

Micrometer Calipers and Their Use. — Where great accuracy is necessary 
in taking measurements the micrometer caliper, which in the simple form 
will measure easily .001 inch (one-thousandth part of an inch) and when 
fitted with a Vernier that will measure .0001 inch (one ten-thousandth 
part of an inch), is used. The micrometer may be of the caliper form for 
measuring outside diameters or it may be of the form shown at F'ig. 176 B, 
for measuring internal diameters. The operation of both forms is identical 
except that the internal micrometer is placed inside of the bore to be 
measured while the external form is used just the same as a caliper. The 
form outlined will measure from one and one-half to six and a half inches 
as extension points are provided to increase the range of the instrument. 
The screw has a movement of one-half inch and a hardened anvil is placed 
in the end of the thimble in order to prevent undue w ear at that point. The 
extension points or rods are accurately made in standard lengths and are 
screwed into the body of the instrument instead of being pushed in, this 
insuring firmness and accuracy. Two forms of micrometers for external 
measurements are shown at Fig. 845. The top one is graduated to read in 
thousandths of an inch, while the lower one is graduated to indicate hun- 
dredths of a millimeter. The mechanical principle involved in the con- 
struction of a micrometer is that of a screw free to move in a fixed nut. 
An opening to receive the work to be measured is provided by the backward 
movement of the thimble which turns the screw and the size of the open- 
ing is indicated by the graduations on the barrel. « 

The article to be measured is placed between the anvil and spindle, the 
frame being held stationary while the thimble is revolved by the thumb and 
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finger. The pitch of the screw thread on the concealed part o{ the spindle 
is 40 to an inch. One complete revolution of the spindle* therefore, moves 
it longitudinally one-fortieth, or twenty-five thousandths of an inch. As 
will be evident from the development of the scale on the barrel of the inch 
micrometer, the sleeve is marked with forty lines to the inch, each of these 
lines indicating twenty-five thousandths. The thimble has a beveled edge 
which is graduated into twenty-five parts. When the instrument is closed 
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Fig. 845.— Standard Forms of Micrometer Caliper for External Measurements. 

the graduation on the beveled edge of the thimble marked 0 should corres* 
pond to the 0 line on the barrel. If the micrometer is rotated one full turn 
the opening between the spindle and anvil will he .025 inch. If the thimble 
is turned only one graduation, or one twenty-fifth of a revolution, the 
opening between the spindle and anvil will be increased only by .001 inch 
(one-thousandth c»f an inch). 

As many of the dimensions of the airplane engine parts, especially of 
those of foreign manufacture or such parts as hall and roller bearings, are 
based on the metric system, the competent repairman should possess 
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both inch and metric micrometers in order to avoid continual reference to 
a table of metric equivalents. With a metric micrometer there are fifty 
graduations on the barrel, these representing .01 of a millimeter, or approxi- 
mately .004 inch. One full turn of the barrel means an increase of half a 
millimeter, or .50 millimeter (fifty one-hundredths). As it takes two turns 
to augment the space between the anvil and the stem by increments of 
one millimeter, it will be evident that it would not be difficult to divide 
the spaces on the metric micrometer thimble in halves by the eye, and thus the 
average workman can measure to .0002 inch plus or minus without diffi- 
culty. As set in the illustration, the metric micrometers show a space of 
13.5 millimeters, or about one millimeter more than half an inch. The inch 
micrometer shown is set to five-tenths or five hundred one-thousandths or 
one-half inch. A little study of the foregoing matter will make it easy to 
understand the action of either the inch or metric micrometer. 

Both of the micrometers shown have a small knurled knob at the end 
of the barrel. This controls the ratchet stop, which is a device that permits 
a ratchet to slip by a pawl when more than a certain amount of pressure 
is applied, thereby preventing the measuring spindle from turning further 
and perhaps springing the instrument. A simple rule than can be easily 
memorized for reading the inch micrometer is to multiply the number of 
vertical divisions on the sleeve by 25 and add to that the number of divi- 
sions on the bevel of the thimble reading from the zero to the line which 
coincides with the horizontal line on the sleeve. For example: if there are 
ten divisions visible on the sleeve, multiply this number by 25, then add the 
number of divisions shown on the bevel of the thimble, which is ten. The 
micrometer is therefore opened 10X^5 equals 250 plus 10 equals 260 thou- 
sandths. 

Micrometers are made in many sizes, ranging from those having a maxi- 
mum opening of one inch to special large forms that will measure 40 or 
more inches. While it is not to be expected that the repairman will have 
use for the big sizes, if a caliper having a maximum opening of six inches is 
provided with a number of extension rods enabling one to measure smaller 
objects, practically all of the measuring needed in repairing engine parts can 
be made accurately. Two or three smaller micrometers having a maximum 
range of two or three inches will also be found valuable, as most of the 
measurements will be made with these tools which will be much easier 
to handle than the larger sizes. 

Hints for Care of Tools. — Protect all edge tools. Keep all edge tools 
sharp. Never let a tool become dull. If you dull a tool by using, sharpen 
before returning it to place. In sharpening an edge tool, do not blunt it. 
Grind an angle and keep it until the tool becomes sharp. If you round off 
an edge tool, you ruin it. Do not use a file like a hacksaw, as most files 
are made to cut on the forward stroke only. Keep files in a case where 
they do not rub against each other. Keep files free from oil and grease. 
When using a file always put a handle on it. Have a file cleaner handy 
and use it often. For a fine finish on steel, do not use a file; use an oilstone. 
Do not keep soldering acid near tools, or handle tools after using acid with- 
out first washing your hands. Keep a piece or two of charcoal in your tool- 
box to prevent moisture and consequent rusting of tools, 
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Check your tools each evening before quitting. Have your list of tools 
pasted in the top of your tool chest. Do not expect to drill a true hole with 
a dull bit. Keep bits sharp and in a case. Do not use steel hammer on 
metal parts. Use a lead, brass or rawhide hammer. Oil your tools often 
in rainy or wet weather. Do not keep sulphur or salt near your tools. 
Always oil the steel tape before putting away. Do not use a monkey- 
wrench as a hammer. Do not use a screwdriver as a punch or drift. Do 
not use pliers on nuts. Do not use a 24-inch monkey-wrench on a l /\ inch 
nut. Keep your fine measuring tools in a case. 

Do not hold work that is being heated with a torch with a pair of pliers. 
Use regular tongs. Do not use ordinary cutting pliers to cut piano wire. 
Use regular nippers furnished for this. Do not use an end wrench on a nut 
unless it fits it properly. Do not use a socket wrench on a nut unless it fits 
it properly. In using taps and dies, use plenty of lard oil on the work and 
be careful in backing up the tap or die. Always read the instructions fur- 
nished by manufacturer, in cutting large heavy stock it is better to take 
more than one cut. Always clean trips and dies before putting them 
away. In using a tap always be sure that the right sized hole has been 
drilled. Do not use a Stillson wrench on nuts. Jn using an oilstone do not 
sharpen your tools on one place only but use its full length. Always keep a 
brass drift in your tool chest. Always keep the cutting edge of your saw 
well protected. In packing tool chest for shipment, pack all tools so they 
cannot shift in box. Each mechanic is advised to keep a memorandum book 
in his possession in which lie may record such notes as may be considered 
useful to him. 

Typical Tool Outfits. — The equipment of tools necessary for repairing 
airplane engines depends entirely upon the type (4 the powerplant and 
while the common hand tools can be used on all forms, the work is always 
facilitated by having special tools adapted for reaching the nuts and screws 
that would be hard to reach otherwise. Special spanners and socket 
“wrenches arc very desirable. Then again, the nature of the work to be 
performed must be taken into consideration. Rebuilding or overhauling 
an engine calls for considerably more tools than are furnished for making 
field repairs or minor adjustments. A complete set of tools that was sup- 
plied to men working on Curtiss 0X2 engines and JN4 training biplanes 
at Hazlehurst Field, Mineola, L. I., during the World War is shown at Fig. 
846. The tools are placed in a special box provided with a hinged cover 
and are arranged in the systematic manner outlined. 'The various tools 
and supplies shown are: — A, hacksaw blades; P>, special socket wrenches 
for engine bolts and nuts; C, ball pein hammers, four sizes; D, five assorted 
sizes of screwdrivers ranging from very long for heavy work to short and 
small for fine work; E, seven pairs of pliers including combination in three 
sizes, two pairs of cutting pliers and one round nose; F, two split pin ex- 
tractors and spreaders; G, wrench set including three adjustable monkey 
wrenches, one Stillson or pipe wrench, five sizes adjustable end wrenches 
and ten double end S wrenches ; 1 1, set of files, including flat, three cornered 
and half round; l,*file brush; J, chisel and drift pin; K, three small punches 
or drifts; L, hacksaw frame; M, soldering copper; N, special spanners for 
propeller retaining nuts; O, special spanners; P, socket wrenches, long 




Fig. 846.— Special Tool Outfit for Maintaining Curtiss OX Series Motors Used in Early JN4 Training Biplane and Still Used in Various 

Commercial Types. 
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handle; Q, long handle, stiff bristle brushes for cleaning motor; R, gasoline 
blow torch; S, hand drill; T, spools of safety wire; U, flash lamp; V, spe- 
cial puller and castle wrenches; W, oil can; X, large adjustable monkey 
wrench; Y, washer and gasket cutter; Z, ball of heavy twine. In addition 
to the tools, various supplies, such as soldering acid, solder, shellac, valve 
grinding compound, bolts and nuts, split pins, washers, wood screws, etc., 
are provided. 

The special tools and fixtures recommended by the ITall-Scott Company 
for work on their engines and used at flying fields where this engine was 
used in standard training planes are clearly shown at Fig. 847. All tools 
are numbered and their uses may be clearly understood by reference to 
the illustration and explantory list given. While both of these engines are 
now obsolete, the outfits shown may be considered of value as a guide for 
the selection of other outfits adapted for engines of modern design. Va- 
rious tools for modern engines are illustrated in other portions of this treatise. 

SPECIAL HALL-SCOTT TOOLS 

NO. TOOL 

1 Engine hoisting hook, 6-cyl. — Hook under camshaft housing, when hoisting engine. 

2 Engine hoisting hook, 4-cyl. — Hook under camshaft housing, when hoisting engine. 

3 Water plug wrench- -For use on water plugs on top and end of cylinders. 

4 Vertical shaft flange puller For pulling lower pinion shaft flange from shaft. (Used 

on A-5 and A-7 engines only ) 

5 Oil gun — For general lubrication use. 

6 Magneto gear puller- -For pulling magneto gears from magneto shaft. 

7 Socket wrench, %” A L A.M. — For use on bolts and nuts on crankcases. 

8 Socket wrench, %" A.L.A.M — For use on crankcases and magneto gear housings. 

9 Socket wrench, A LA M. — For use on magneto gear housings. 

10 Socket wrench, yy standard — For holts and nuts which fasten magnetos to crankcase. 

11 Socket wrench, A.L.A M. — For use on magneto gear housings. 

12 Vertical shaft gear puller — For removing water pump and magneto drive gear. 

13 Brace and facing cutter — For facing lugs on cylinders for cylinder hold down stud 

washers. 

14 Handle for brace — Use with brace. 

15 Valve grinding brace — For grinding in valves. 

16 Socket wrench base, •>«" A.L.A.M — For thrust hearing cap screws. 

17 Brace and facing cutter, /«" A L.A.M. — For facing lugs on rocker arm covers. 

18 Valve grinding screwdriver — For grinding in valves. 

19 Valve spring tool — Fur putting on and taking off valve springs. 

20 Hlock valve spring tool — For use with valve spring tool. 

21 Socket wrench, A. LAM. — For main hearing nuts. 

22 Socket wrench, l /y A.L.A.M. — For use on camshaft housing. 

23 Socket wrench, y«" A.L.A M. — For camshaft housing hold down stud nuts. 

24 Socket wrench, Yz” A.L.A.M. — For cylinder hold down stud nuts. 

25 Socket wrench, jV' A.L.A.M. — For carburetor and water pump holts and nuts. 

26 Socket wrench, W," A.L.A M. — For carburetor and water pump holts and nuts 

27 Socket wrench — For use on carburetor jets. 

28 Magneto screwdriver — For general magneto use. 

29 Brass bar, 1" diameter x 7" long — For driving piston pins from pistons. 

30 Hack saw — For general use. 

31 Oil can — For camshaft housing lubrication. 

32 Gasoline or distillate can — For priming or other use. 

33 Oil can — For magneto gear lubrication. 

34 Shellac can — For rubber hose connections and gaskets. 

35 Magneto cleaner— For use on magnetos. 

36 Clamps- — For holding cylinder hold down studs, when fitting main bearings. 
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NO. TOOL 

37 Piston guards — For use in pistons, when out of engine, to protect them. 

38 Screwdriver — For general use. 

39 Vertical shaft damps — For clamping vertical shaft flanges, when timing engine. 

40 Thrust adjusting nut wrench — For adjusting propeller thrust hearing 

41 Stuffiing box spanner wrench — For adjusting stuffing lx)x nut on vertical shaft. 

42 Water pump spanner wrench — For adjusting water pump stuffing nut. 

43 Wrench — For use on cylinder relief cocks and cylinder priming cocks. 

44 Hose clamp 'wrench — For use on hose damps. 

45 Scraper — For cleaning piston ring grooves on pistons. 

46 Crankshaft nut wrench — For ad i listing crankshaft nut. 

47 Sparkplug wrench — For putting in and taking out sparkplugs in cylinders 

48 Timing disc (single disc)— For use on crankshaft to time engine Specify type motor 

disc should be made for If double disc is required, specify the two types of motors 
the disc is to he made for. Double disc. 

49 Main bearing scraper — For scraping in hearings 

50 Cylinder carbon scraper — For removing carbon from heads of cylinders. 

51 Valve seating tool — For sealing valves in cylinder heads. 

52 Scraper, small — For general hearing use. 

53 Scraper, large— For geneial hearing use 

54 Crankshaft flange puller— For pulling crankshaft flange from crankshaft. 

55 Piston and connecting rod racks 

56 Main hearing stud nuts and slum rack. 

57 Main hearing board rack 

58 Rocker arm and cover rack. 

The tool requirements of each engine varies according to its construc- 
tion and the special tools, such as gear pullers, sockets and spanners, etc., 
depend entirely upon the design of the parts one must remove. Tools may 
be devised that are universal in their nature for general shop use, as in the 
service station of the airport that will cater to a variety of engines. Each 
engine builder sends out a complete kit of tools with each engine to permit 
of the ordinary operations of overhauling and field work and all are ready 
to supply those special tools peculiarly adapted to their engines to any shop 
handling a number of their engines at very moderate prices. The writer 
strongly urges the executive in charge of engine repairs to secure a com- 
plete equipment because airplane engine parts are expensive and as they 
are more lightly constructed than automobile engine parts, operations with 
ordinary tools that would not injure auto engine parts may result in serious 
distortion of aviation engine parts. The cost of replacing a few damaged 
parts will easily pay for special tools to remove them without damage. 

Napier-Lion Engine Kit. — As an example of the tools furnished in a 
modern standard kit, the reader is referred to Fig. 848, which shows the 
outfit supplied with each Napier-Lion engine. As compared with earlier 
tool kits there are certain alterations, some tools now being omitted or 
superseded, and others added. It should be noted that the tool kits may 
be modified from time to time as considered necessary. 
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Fig. 848. — Illustration of Special Tools Used in Repairing Napier “Lion” Aero 

Engines. 



NAPIER-LION TOOL KIT 1769 

Quantity 

Part No. Description per set. 

Box Spanners 

36820 Box Spanner V%' X t*«." Whit. .. I 

3682! “ - J4"X.V' “ ..1 

36822 “ “ “ ..1 

36823 “ “ “ ..1 

36824 - “ *$"XiA" “ ..1 

Jaw Spanners 

36812 Jaw Spanner 2BA XVa" B.S.P. .. 1 

36813 “ “ J4"X.V' “ ..1 

36814 “ “ iV' X *'«" “ ..1 

3^>8 1 5 “ “ ^rx-v." “ ..1 

36816 “ “ I 7 ,*, " x Af * " “ 1 

36817 “ “ rt"XMT “ ..1 

36818 “ “ 1/,'XV Thin Jaw 1 

36810 “ “ liB'xir:" “ “ “ l 

Special Spanners and Tools 

27353 Spanner for Airscrew Boss Front Flange Nut 1 

27683 End for Valve Seat Spanner 1 

27684 Valve Seat Spanner 1 

27629 Spanner for Crank Front Fuel Bolt 1 

27630 Spanner for Crank. Front End Bolt Nut .... 1 

27774 Pin Spanner for Valve Adjusting 1 

27778 Spanner for Valve Adjusting 1 

32765 Spanner for Airscrew Shaft Housing Front and 

Rear Nuts 1 

32763 Spanner for Airscrew Front Bearing Nut 1 

27358 Spanner for Camshaft Drive Bearing Cover. ... 1 

26869 Tommy Bar, Large 1 

26880 Tommy liar. Small 1 

27775 Tommy Bar, X” dia 1 

32488 Spanner for Diffuser Rase 1 

32489 Spanner for Main Jet and Gudgeon Pm Setscrew 1 

32761 Spanner for Float Chamber Base Plug 1 

32490 Spanner for Diffuser Base Plug 1 


27348 Spanner for Crankshaft Gear Wheel Nut, Crank- 

shaft Rear Bearing Nut and Airscrew Boss Nut 

27349 Spanner for Airscrew Rear Bearing Nut 

30881 Special Spanner for Rear Find Cover 

30870 Spanner for Camshaft and Mag Bevel Nut 

32788 Carburetor Spanner (for Nuts .>£" acioss Hat>> and 

2 B.A.) 

32766 Spanner for Gland Nut 

32767 Spanner for Camshaft Drive Tulie End Piece.... 

32768 Spanner for Cylinder Holding Down Nuts 

32772 Spanner for Thrust Collar (Worm Shaft) 

39650 “C M Spanner for 1J4” Water Coupling 

39651 “C” Spanner for £4" Water Coupling 

39652 Flat Open Spanner for Lt* Water Coupling 

39653 Box Spanner for Magneto F'oot 

39648 Flat Box Spanner for Magneto Foot and Induction 


Pipe Elbows 1 

29000 Pointer for Crankshaft 1 

29893 Timing Plate 1 

Piston Position Indicator 1 

33697 Screwdriver (12" long) 1 
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NAPIER-LION ENGINE TOOLS— Continued. 

Quantity 


Pint A 'it. / Vsv; i/^tion f>n srt 

33998 Smwilrnrr ((>'«" long ) 1 

llamnur 1 

Pliers 1 

Tool Box 1 


Airscrew Boss Fxtractor 

27-495 Bolt for Airscrew Boss Extractor 1 

2749.? Washer for Airscrew Boss Extractor 1 

27494 Extractor for Airscrew Boss 1 

Gudgeon Pm Extractor 

28895 Gudgeon Pin Extractor 1 

2574.? Gudgeon Pin Extractor Screw 1 

28890 Gudgeon Pin Extractor Collar 1 

28897 Gudgeon Pin Extractor Waslu-r 1 

B.ES.117G. Nut 1 

Crankshaft Gear Extractor 

27499 Extractor for Crankshaft Clear Wheel 1 

27500 Bolt for Crankshaft Gear Wheel 2 

B E S 1 Pdf Nut 2 

Alagneto Spanners 

Box Spanner for C am Screw 1 

Spanner Set for Contact Bleaker 1 


Hispano-Suiza Tool Kit. — The tool outfit furnished with Ilispano-Suiza 
twelve-cylinder Vee engines is shown at Fig. 849. The list follows: — 
16,47*1 — Magneto breaker wrench. 16,473 — ’Wrench for carburetor attach- 
ing plate. 16,475 — Special wrench for propeller huh retention lock nut. 
16,464 — Special wrench for propeller huh retention nut. 15,844 — End 
wrench for nuts holding cylinders. 16,463 — Box wrench for camshaft re- 
taing nuts. 15.577 — Wrench for cylinder block holts. 10,704 — Special 
wrench for adjusting valve clearance. 16,476 — Special wrench, double end, 
for removing air starter check valves. 16,477 — Special box wrench. 10,706 
— Box wrench with crank handle to reach cylinder retention nuts. 16,467 
— Bar handle for wrenches number 16,470 and 16,463. 14,243 — Bar handle 
for wrenches 16,476 and 16,473. 16,466 — Bar handle for wrenches 14,489 and 
16,469. 22,419 and 22,420 — End wrenches. 15,842 — Social end wrench for cyl- 
inder retention nuts. 16,468 — lxatchet box wrench for connecting rod. 16,471 — 
Spanner for ball bearing lock nut. 10,698 — Spanner for vertical drive tube 
retention nuts. 16,465 — Box wrench with crank handle for removing cylin- 
der block cover. 22,421 — haul wrench. 15,584 — Wrench for tightening 
carburetor float chamber retention nut. 16,469 — Socket wrench for eight 
millimeter nuts. 14,489 — Socket wrench for sparkplugs. 15,843 — Special 
box wrench for cylinder retention nuts. 10,700— Gauge for valve clearance. 
16,472 — Wrench for magneto retention nut. 16,470 — Long socket wrench. 

Stands for Overhauling Airplane Engines. — After an airplane engine 
has been in use for a period ranging from 120 to 300 houVs, depending upon 
the type, it is necessary to give it a thorough overhauling before it is re- 
turned to service. To do this properly, the engine is removed from the fuse- 
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Fig. 849. — Special Tools Used in Dismantling and Repairing Hispano-Suiza Engines. 

lage and placed on a special supporting stand, such as shown at Fig. 850, 
so it can be placed in any position and completely dismantled. With a 
stand of this kind it is as easy to work on the bottom of the engine as on 
the top and every part can lie instantly reached. The 0X2 motor crank- 
case shown in place in illustration is in a ver\ convenient position for 
scraping 1 in the crankshaft bearings. The entire assembly can be rolled 
around so any part can be reached and a clamp lock, not shown in the 
illustration, makes* it possible to hold the stand in any desired position. 
Another type of engine stand, as recommended by the makers of Napier- 
Lion engines is shown at Fig. 851. This is well adapted for handling large 
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engines of the Vee or W form and the swinging cradle may be placed in 
various positions after the engine is in place. The stand is provided with 
small wheels so it can be moved alxmt the shop. That shown at Fig. 850 
is a fixed type because the supporting pedestals are bolted to the floor. 
Stands for radial engines are different in construction from those illus- 
trated and blue prints of practical designs can be obtained from makers of 
such engines. The reader is referred to the chapters on repair and overhaul 
of specific types such as Siemens and Wright for suggestions. 



Fig. 850. — Special Stand to Make Motor Overhauling Work Easier. Stand Shown is 
Arranged for Curtiss OX Series Motors. 

Stands for the propeller assembly and repair of various accessory groups 
should also be provided, and as the modern aviation engine is usually built 
up of a number of distinct assemblies, if some means are provided for 
working on these when they are removed from the powerplant. the repair 
work will be facilitated. All the shop specialists such as magneto and 
instrument men should have their own benches and test equipment. As an 
example of a simple bench stand for holding an engine part, the illustra- 
tion at Fig. 852 is presented. This is self-explanatory and shows the swing- 
ing stand recommended by makers of the Napier-I-ion engine for holding 
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the rear end crankcase assembly. As this includes the timing and acces- 
sory drive gears, water pump, etc., a convenient stand as shown greatly 
improves the work of checking or repairing the parts. 

Numerous pieces of shop furniture can be made to store parts to prevent 
damage. For example, the long crankshafts of six-cylinder-in-line or Vee 
and W motors are easily distorted or sprung if carelessly handled. The 



Fig. 851. — Special Stand Designed by Makers of Napier “Lion” Engines to Support 
Their Motors Can be Modified to Fit Any “Vee” or In-Line Motor. 

supporting stand at Fig. 853 was used to store Curtiss OX crankshafts in 
the motor repair shops at Hazel hurst Field (now Curtiss Field) and as all 
dimensions are given and the construction is clearly shown, no difficulty 
should be experienced in either duplicating or modifying it. Special benches 
having bins and shelves to hold various parts are very valuable for use in 
connection with overhauling engines and can be devised to suit the partic- 
ular type of engine worked on. For example, a rack can be built to hold 
each individual cylinder and the compartments may be further divided to 
hold the piston, connecting rod, etc., for each cylinder. Numbered holes in 
a bench top hold valves and prevent damage and a series of numbered pegs 
can be used for parts such as valve springs. All parts of an engine can 
thus be kept together and replacement will be positive and quickly ac- 
complished when the engine is re-assembled. 

QUESTIONS FOR REVIEW 

1. Name some common hand tools useful in aero engine work. 

2. Outline method $f using micrometer caliper. 

3. Name forms of hand drilling machines. 

4. What are the best graduations on rules and scales? 

5. Why are special engine stands valuable? 
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GENERAL INSTRUCTIONS FOR OVERHAULING ENGINES 

Marking Pieces for Identification — Usual Dismantling Procedure — Cleanliness of Parts 
Essential — Skilled Workmanship Imperative — Engine Reconditioning Operations 
— Defects in Cylinders— Carbon Deposits, Cause and Prevention — Use of Carbon 
Scrapers — Burning Out Carbon with Oxygen — Repairing Scored Cylinders — Sizing 
and Finishing Cylinders — Valve Removal and Inspection — Precautions in Re- 
conditioning Valves — Reseating and Truing Valves — Valve Grinding Processes — 
Depreciation in Valve Operating Systems — Piston Troubles — Piston Ring Ma- 
nipulation — Fitting Piston Rings — Wristpin Wear — Inspecting Crankshaft and 
Crankcase — Inspection and Refitting of Engine Bearings — Adjusting Main Bear- 
ings— Scraping Brasses to Fit — Remetaling Babbitt Bearings — Fitting Bearings 
by Boring — Assembling Roller Type Main Bearings to Crankshaft — Oil Retaining 
Plugs — Dismantling Roller Bearing Crankshaft — Fitting Connecting Rods — 
Sprung Camshaft — Precautions in Re-assembling Parts — Testing Bearing Paral- 
lelism — Final Inspection of Engine after Overhaul — Test after Overhaul — Run- 
ning In — Two Hours Test — Half Hour Test — Maintenance of Engine in Stores— 
Selection of Tolerances and Running Fits, Napier-Lion Engine. 

While specific instructions for repairing have been given in the various 
special chapters dealing with individual makes of engines, the reader will 
note that in these instructions the engine builders have made special men- 
tion of the precautions to be observed in overhauling their own engines and 
have pointed out the differences in mechanical construction between their 
design and more conventional types. While no general instructions can be 
given that will apply equally well to all types of aviation engines, there are 
certain mechanical processes that are the same in the main essentials in 
repairing all types. This chapter summarizes the instructions previously 
given and in some cases there may be a restatement of facts presented in 
other chapters, but these reviews are to make sure everything is fresh in 
the reader’s mind. The various processes arc considered more in detail in 
this chapter as in presenting the individual maker’s engine instructions, the 
assumption was made that the reader was already familiar with repair shop 
practice to some extent. This chapter, read in connection with that preced- 
ing on tools used will serve as a good introduction to engine repair shop 
practice and should be of value to mechanics skilled in kindred lines, such 
as automobile repairing and in machine work. 

Before working on any engine, the careful mechanic studies its construc- 
tion and as no one can be expected to know everything, if something comes 
up he does not understand, he will find out about it, either from fellow 
workmen or by asking experts familiar with that particular engine. Some 
mechanics are ashamed to be seen consulting an instruction book and will 
blunder their way along when a few minutes study of a diagram would 
have made their work easier. Only the best grade of work is permissible 
on aviation engines and the slipshod methods of the average automobile 
repair garage cannot be tolerated on the flying field. Aviation mechanics 
must know what they are doing before they start. It is for that reason that 
the writer feels the following summary can be read to advantage by even 
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Fig. 852. — Special Swinging Stand for Accessories Drive Gears of Napier “Lion” 
Engines Useful to Illustrate Possibilities with Stands of this General Character for 

Other Assemblies. 

Marking Pieces for Identification. — In order to look over the parts of an 
engine and to restore the worn or defective components after an extended 
period of flying it ^necessary to take the engine entirely apart, as it is only 
when the powerplant is thoroughly dismantled that the parts can be in- 
spected or measured to determine defects or wear. If one is not entirely 
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familiar with the engine to he inspected, even though the work is done by a 
repairman of experience, it will he found of value to take certain precau- 
tions when dismantling the engine in order to insure that all parts will be 
replaced in the same position they occupied before removal. There are a 
number of ways of identifying the parts, one of the simplest and surest 
being to mark them with steel numbers or letters if not already marked or 
with a series of center punch marks in order to retain the proper relation 
when re-assembling. This is of special importance in connection with dis- 
mantling multiple cylinder engines as it is vital that pistons, piston rings, 
connecting rods, valves, and other cylinder parts be always replaced in the 
same cylinder from which they were removed, because it is uncommon to 
find equal depreciation in all cylinders. Some repairmen use small paper 
shipping tags to identify the pieces. This can be criticised because the 
tags may become detached and lost and the identity of the piece mistaken. 
Metal tags with stamped numbers thereon and wired to the pieces to be 
identified are not so apt to be lost as cardboard or paper tags attached with 
string arc. If the repairing is being done in a shop where other engines 
of the same make are being worked on, the repairman should be provided 
with a large chest fitted with a lock and key in which all of the smaller 
parts, such as rods, bolts and nuts, valves, gears, valve springs, camshafts, 
etc., may be stored to prevent the possibility of confusion with similar mem- 
bers of other engines. All parts should be thoroughly cleaned with gasoline 
or in the potash kettle as removed, and wiped clean and dry. This is neces- 
sary to show wear which will be evidenced by easily identified indications 
in cases where the machine has been used for a time, but in others, the 
deterioration can only be detected by delicate measuring instruments. 

Usual Dismantling Procedure. — In taking down a motor the smaller 
parts and fittings such as sparkplugs, manifolds and wiring should be re- 
moved first. Then the more important members such as cylinders may be 
removed from the crankcase to give access to the interior and make possible 
the examination of the pistons, rings and connecting rods. After the cyl- 
inders are removed the next operation is to disconnect the connecting rods 
from the crankshaft and to remove them and the pistons attached as a unit. 
Then the crankcase is dismembered, in most cases by removing the bottom 
half or oil sump, thus exposing the main bearings and crankshaft. The 
first operation is the removal of the inlet and exhaust manifolds. In order 
to remove the carburetor it is necessary to shut off the gasoline supply at 
the tank and to remove the pipe coupling at the float chamber. It is also 
necessary to disconnect the throttle operating rod. After the cylinders are 
removed and before taking the crankcase apart it is well to remove the 
water pump and magneto. The wiring on most engines of modern develop- 
ment is carried in conduits and usually releasing two or three minor fasten- 
ings will permit one to take off the plug wiring as a unit. The wire should 
be disconnected from both sparkplugs and magneto distributor before its 
removal. When the cylinders are removed, the pistons, piston rings, and 
connecting rods are clearly exposed and their condition may be readily 
noticed. 

Before disturbing the arrangement of the timing gears, it is important 
that these be marked so that they will be replaced in exactly the same re- 
lation as intended by the engine designer. If the gears are properly marked 
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the valve timing and magneto setting will he undisturbed when the parts 
are replaced after overhauling. With the cylinders off, it is possible to 
ascertain if there is any undue wear present in the connecting rod hearings 
at either the wristpm or crankpin ends and also to form some idea of the 
amount of carbon deposits oil the piston top and hack of the piston rings. 
Any wear of the timing gears can also he determined. The removal of the 
bottom plate of the engine enables the repairman to see if the main bear- 
ings are worn unduly. Often hearings may he taken up sufficiently to elim- 
inate all looseness. In other cases they may be worn enough so that 



Fig. 853. — Simple Rack Made of Lumber to Hold Curtiss OX Series Crankshafts and 
Prevent Damaging Them Due to Careless Storage. 
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careful refitting will he necessary. Where the crankcase is divided horizontally 
into two portions, the upper one serving as an engine base to which the 
cylinders and in fact all important working parts are attached, the lower 
portion performs the functions of an oil container and cover for the internal 
mechanism. This is the construction generally followed. 

Cleanliness of Parts Essential. — Since the presence of dirt, grime and 
grease furnish little inspiration for painstaking and accurate workmanship 
but, on the contrary, greatly decrease the efficiency of even the best me- 
chanics, the first operation should he a thorough washing of the engine by its 
complete submersion in a tank of hot water and ■washing soda, or any one 
of the several excellent washing solutions marketed under well-known trade 
names. The engine should then be mounted on a universal engine-stand 
and completely dismantled. Then the separate parts should he washed 
again to remove all traces of grease and oil. At the same time, all oil lines 
in the crankcase and crankshaft should he blown out and thoroughly 
cleaned. A careful inspection and check-up should then be made of all parts 
that are subject to war page or wear. On1\ by such a procedure can the 
conditions requiring correction be determined, and this inspection work 
should always be done bv a capable mechanic, skilled in the use of microm- 
eters and other precision instruments Tt is assumed, of course, that 
every shop attempting the reconditioning of automotive engines is equipped 
with a full set of precision measuring instruments, such as inside and outside 
micrometers, surface plates, dial gauges and test indicators. 

Skilled Workmanship Imperative. — It is almost criminal for anyone who 
lacks a knowledge of elementary mechanical engineering principles and 
micrometer experience to take down and attempt to re-assemble a 
machine built with such exactness as an aviation engine. Successful re- 
conditioning of such an engine depends upon the utmost exactness in align- 
ing or squaring each part with all the others, starting with the cylinder 
base-line of the crankcase as datum and securing perfect parallelism with 
that base of the crankshaft and the camshaft, the main hearings, connecting- 
rod bearings, piston-pins and camshaft bearings, and squaring the cylinder 
bores and the connecting rods at perfect right angles to the base line. An 
error at one point cannot be compensated for at another point. Refinishing 
worn cylinders, fitting new pistons, line-boring and fitting bearings and 
bushings, grinding and realigning crankshafts and similar work call for 
operations and tolerances measurable in thousandths and even in ten- 
thousandths of an inch This necessitates the employment of special pre- 
cision instruments and special machine-tools and a knowledge of their 
proper use. 

Engine Reconditioning Operations. — The major operations of recon- 
ditioning an engine, follow mg the preliminary washing and complete taking 
down of the engine and the examination and checking of the parts with 
micrometers, surface plates, dial gauges and test indicators, are described 
in a paper published in the .S'. . /. /:. Journal by Robert C. Me Wane and vari- 
ous excerpts are reproduced in this chapter. Methods of refinishing cylin- 
ders, as boring, reaming, honing and grinding, are described and attention 
is directed to the difference in application of these methods in the factory 
and in the reconditioning shop. Use of a heavy-duty cylinder-grinding ma- 
chine is recommended as the only method that is capable of restoring the 
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original trueness of the cylinder bore with the base of the cylinder-block 
and satisfactorily and economically correcting worn and warped cylinders 
with the minimum loss of metal and of producing a finished surface e<pial 
or superior to that produced by un\ other method, according to Mr Me-. 
Wane. 

The importance of keeping the crankshaft in perfect condition is em- 
phasized, but the reconditioning of a shaft that is worn or out of alignment 
should never be attempted by tiling, turning, lapping or polishing (‘rank- 
shaft grinding requires extreme care and satisfactory results can he ob- 
tained only by the use of machines built especially for the purpose. The 
most exacting part of a reconditioning job is the fitting* of the main and 
connecting-rod bearings, and the best engineering practice calls for the use 
of a type of universal equipment ha\ ing a cutter-tool bar that can be ad- 
justed with micrometer accuracy. When a crankshaft has been reground, 
new undersize main bearings should be used, a-> otherwise the timing-gear 
centers wil 1 be changed and the pitch line of the gear train disturbed, caus- 
ing the gears to jam and become noisy. 

The difference between fitting bearings into a new crankcase and into 
an old one is great. To compensate for wear and warpage in an old one, 
the bearing halves should be left from 0()f)2 to 0 003 inch above the crank- 
case and cap faces, so that when bolting the cap on the case the bearings 
will have a drive fit. Other operations in fitting and boring* the bearings 
are explained in proper sequence. The fitting of timing-gears, camshafts, 
idler gears and their bushings and water-pump and magneto shafts and the 
putting* into mechanical order of the valve push-rods and adjusting screws 
require as great precision as the major operations. 

Defects in Cylinders. — After the cylinders have been removed and 
stripped of all fittings, they should be thoroughly cleaned and then care- 
fully examined for defects. The interior or bore should be looked at with 
a view of finding score marks, grooves, cuts or scratches in the interior, because 
there are manv faults that may be ascribed to depreciation at tins point. 
The cylinder bore may be worn out of round, which can only be determined 
by measuring with an internal caliper or special dial indicator fixture even 
if the cylinder bore shows no sign of wear. The llangc at the bottom of the 
cylinder bv which it is held to the engine base may he warjjed or cracked. The 
water jacket may have opened up due to freezing of the jacket water at some time 
or other or it may he filled with scale and sediment due to the use of impure 
cooling water. Aviation engine cylinders using steel water jackets should 
be carefully tested to make sure the jacket has not corroded. The valve seat 
may be scored or pitted. The detachable head construction makes it pos- 
sible to remove that member and obtain ready access to the piston tops 
for scraping out carbon without taking* the main cylinder portion from 
the crankcase but this method of construction is not found on many aviation 
engines. When the valves need grinding a detachable head may be removed 
and carried to the bench where the work may he performed with absolute 
assurance that none of the valve grinding compound will penetrate into the 
interior of the cylinder as is sometimes unavoidable with the I-head cylin- 
der having head integral. If the cylinder should he scored, the water jacket 
and combustion head may he saved and a new cylinder casting purchased 
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at considerably less cost than that of the complete unit cylinder. 

The detachable head construction has only recently been applied on air- 
plane engines, though it was one of the earliest forms of automobile engine 
construction. In the early days it was difficult to procure gaskets or pack- 
ings that would be both gas and w ater tight. 'Idle sheet asbestos commonly 
used on early engines was too soft and blew out readily. Hesidcs a new 
gasket had to be made every time the cylinder head was removed. Woven 
wire and asbestos packings impregnated with rubber, red lead, graphite and 
other filling materials w r cre more satisfactory than the soft sheet asbestos, 
but w ere prone to burn out if the water supply became Iowa Materials such 
as sheet copper or brass pro\ ed to be too hard to form a sufficiently yielding 
packing medium that would allow for the inevitable slight inaccuracies in 
machining the cylinder head and cylinder. The invention of the copper- 
asbestos gasket, which is composed of tw r o sheets of \ cry thin, soft copper 
bound together by a thin edging of the same material and having a piece 
of sheet asbestos interposed solved this problem. Copper-asbestos pack- 
ings form an cffectixe seal against leakage of waiter and a positive retention 
means for keeping the explosion pressure in the cylinder. The great advan- 
tage of the detachable head is that it permits of very ensv inspection of the 
piston tops and combustion-chamber and ready removal of carbon deposits. 
In air-cooled engines, however, the cylinder heads are usually integrally 
cast or permanently assembled thereto because superior cooling is obtained 
by that method of construction. 

Carbon Deposits, Their Cause and Prevention. — Most authorities agree 
that carbon is the result of imperfect combustion of the fuel and air mixture 
as well as the use of lubricating oils of improper flash point. Lubricating 
oils that work by the piston rings may become decomposed by the great 
heat in the combustion-chamber, but at the same time one cannot blame the 
lubricating oil for all of the carbon deposits. There is little reason to sus- 
pect that pure petroleum oil of proper body will deposit excessive amounts 
of carbon, though if the oil is mixed with castor oil, which is of vegetable 
origin, there would be much carbon left in the interior of the combustion- 
chamber. Fuel mixtures that are too rich in gasoline also produce these 
u n d e s i r al > 1 e a c c u m u 1 a t i on s . 

A very interesting chemical analysis of a sample of carbon scraped 
from the interior of a motor \ elude engine show s that ordinarily the lu- 
bricant is not as mpeh to blame as is commonly supposed. The analysis 
which undoubtedly differs considerably from that of carbon from an avia- 
tion engine was as follows: 


Oil 14.3% 

Other combustible matter 17.9 

Sami, clay, etc 24.8 

Iron oxide 24.5 

Carbonate of lime 8.9 

Other constituents 9.6 


It is extremely probable that the above could be divided into two general 
classes, these being approximately 32.2 per cent oil and combustible matter 
and a much larger proportion, or 6 7.8 per cent of earthy matter. The 
presence of such a large percentage of earthy matter is undoubtedly due to 
the impurities in the air, such as road dust which has been sucked in 
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through the carburetor. The fact that over seventeen per cent of the mat- 
ter which is combustible was not of an oily nature lends strong support to 
this view. There would not be the amount of earthy material present in 
the carbon deposits of an airplane engine as above stated because the air 
is almost free from dust at the high altitudes planes are usually flown. One 
could expect to find more combustible and less earthy matter and the car- 
bon would be softer and more easily removed It is very good practice 
to provide a screen on the air intake to reduce the amounts of dust sucked 
in with the air as well as observing the proper precautions relative to sup- 
plying the proper quantities of air to the mixture and of not using any more 
oil than is needed to insure proper lubrication of the internal mechanism. 
The important points to keep in mind if airplane engine carbon deposits are 
to be kept at a minimum are the use of proper lubricant and fuel, though 
training airplanes which make frequent landings and take-offs and fly 
nearer the ground than service planes do could use air filters advantage- 
ously, as could planes used for “passenger hops.” 

Use of Carbon Scrapers. — It is not unusual for one to hear an aviator 
complain that the engine he operates is not as responsive as it was when 
new after he has run it but relatively few hours. There does not seem to 
be anything actually wrong with the engine, yet it does not respond readily 
to the throttle and is apt to overheat While these symptoms ordinarily 
denote a rundown and worn condition of the mechanism, the trouble is 
often due to nothing more serious than accumulations of carbon and need 
of valve grinding. The remedy is the removal of this matter out of place. 
The surest way of cleaning the inside of the motor thoroughly is to remove 
the cylinders, if these members are cast integrally with the head or of re- 
moving the head member if that is a separate casting, to expose all parts. 

In certain forms of cylinders, it is possible to introduce simple scrapers 
through the sparkplug hole if this component is placed in the cylinder in 
some position that communicates directly to the interior of the cylinder or 
to the piston top No claim can be made for originality or novelty of this 
process as it has been used for many years on large stationary engines. 
The first step is to dismantle the inlet and exhaust piping and remove the 
sparkplugs, although if the deposit is not extremely hard or present in large 
quantities one can often manipulate the scrapers in the openings without 
removing either the piping or the valves. Carbon can be removed from 
the valve port interiors through the large openings left by the removal of 
the piping. Commencing with the first cylinder, the crankshaft is turned 
till the piston is at the top of its stroke, then the scraper may be inserted, 
and the operation of removing the carbon started by drawing the tool 
toward the opening. As this tool is similar to a small hoe, the cutting edge 
will loosen some of the carbon and will draw it toward the opening. A 
swab is made of a piece of cloth or waste fastened at the end of a wire and 
well soaked in kerosene to clean out the cylinder. 

When available, an electric motor with a length of flexible shaft and a 
small circular cleaning brush having- wire bristles can sometimes be used 
in the interior of tjic engine. The electric motor need not be over one- 
eighth horsepower running 1,200 to 1,600 r.p.in., and the w ire brush must, 
of course, be of such size that it can be easily inserted through the spark- 
plug holes. The flexible shaft permits one to reach nearly all parts of the 
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cylinder interior without difficulty and the spreading out and flattening 
of the brush insures that considerable surface will be covered by that mem- 
ber. Most airplane engines are so constructed that a thoroughly good job 
of carbon removal can be accomplished only In removing the cylinders to 
expose the cylinder combustion-chamber interiors and the piston tops. 
This permits of thorough removal of all foreign matter and no ridges of 
carbon are left as is the case when scrapers are introduced through spark- 
plug holes. 

Burning Out Carbon with Oxygen. — A process that gives very good results 
in removing carbon without disassembling the motor de]>ends on burning out 
that material by supplying oxygen to support the combustion and to make 
it energetic. A number of concerns are already offering apparatus to ac- 
complish this work, and in fact am shop using an autogenous welding out- 
fit may use the oxygen tank and reducing valve in connection with a simple 



Fig. 854. — Showing Where Carbon Deposits Collect in Combustion-Chamber and How 
to Burn Them Out with Oxygen. A — Special Torch Used. B — Torch Coupled to 
Oxygen Tank Reducing Valve. C — Torch in Use. 

special torch for burning the carbon. Results obtained with automobile 
engines ha\c demonstrated that there is little danger of damaging the motor 
parts though the heat generated might distort the lighter aviation engine 
pieces and that the cost of oxygen and labor is much lower than the old 
method of removing the cylinders and scraping the carbon out, as well as 
being very much quicker and more positive than the alternative process of 
using carbon solvent. The only drawback to this system is that there is 
no absolute insurance that every particle of carbon will be removed, as small 
protruding particles may be left at points that the flame does not reach and 
cause pre ignition and consequent pounding, even after the oxygen treat- 
ment. It is generally know r n that carbon will burn briskly in the presence 
of oxygen, which supports combustion of all materials, and this process 
takes advantage of this fact and causes Ihe gas to be injected into the com- 
bustion-chamber over a flame initially obtained by a match or wax taper. 

It is suggested by those favoring this process that the night before the 
oxygen is to be used the engine be given a simple kerosene treatment. A 
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half tumbler full of this liquid or of denatured alcohol is to be poured into 
each cylinder and permitted to remain there over night. As a precaution 
against fire, the gasoline is shut olT from the carburetor before the torch is 
inserted in the cylinder and the motor started su that the gasoline in t'lic 
pipe and carburetor float chamber will be consumed Work is done on one 
cylinder at a time being sure that both \alves are closed and the piston is 
at the top of its compression stroke A note of caution was recently 
sounded by a prominent sparkplug manufacturer recommending that the 
plug be removed from the cylinder in order not to injure it by the heat de- 
veloped. The outfits on the market consist of a special torch having a 
trigger controlled valve and a length of flexible tubing such as shown at 
Fig. 854 A, and a regulating valve and oxygen tank as shown at 1> The 
gauge should be made to register about twebe pounds pressure. The 
method of operation is very simple and is outlined at C. The burner tube 
is placed in the cylinder and the trigger valve is opened and the oxygen 
permitted to circulate in the combustion-chamber. A lighted match or wax 
taper is dropped in the chamber and the injector tube is moved around as 
much as possible so as to cover a large area. The carbon takes fire and 
burns briskly in the presence of the oxygen The combustion of the carbon 
is accompanied by sparks and sometimes by flame if the deposit is of an 
oily nature. Once the carbon begins to burn the combustion continues 
without interruption as long as the oxygen flows into the cylinder. Full 
instructions accompany each outfit and the amount of pressure for which 
the regulator should he set depends upon the design of the torch and the 
amount of oxygen contained in the storage tank. This method should be 
used only if it is sanctioned by the engine builder because aviation engine 
construction is different in many important respects from automobile en- 
gines which have been cleared of carbon successfully by this method. 

Repairing Scored Cylinders. — if the engine has been run at any time 
without adequate lubrication, one or more of the cylinders may be found 
to have vertical scratches running up and down the cylinder walls. The 
depth of these will van according to the amount of time the cylinder was 
without lubrication, and if the grooves are very deep the only remedy is 
to purchase a new member. Of course, if sufficient stock is available in the 
cylinder walls, the cylinders may be rebored and new pistons which are 
oversize, i.r., larger than standard, may be fitted. As a rule, aviation en- 
gine cylinders are so thin that reboring' or regrinding operations are not 
practical if the scratches are very deep. Where the scratches are not deep 
they may be ground out with a high speed emery wheel cylinder grinder 
or lapped out if that type of machine is not available. Wristpins have been 
known to come loose, especially when these are retained by set screws 
that have not been properly locked, and as wristpins are usually of hardened 
steel it will be evident that the sharp edge of that member can act as a 
cutting tool and make a pronounced groove in the cylinder. Cylinder 
grinding is a job that requires skilled mechanics, but it may be accom- 
plished on any large lathe fitted with an internal grinding attachment 
though special cylinder grinders equipped with substantial and heavy fix- 
tures to hold the cylinders do the best work. While automobile engine 
cylinders usually have sufficient wall thickness to stand reboring, those of 
airplane engines seldom have sufficient metal to permit of enlarging the 
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bore very much by a boring 1 tool. A few thousandths of an inch may be 
ground out without clanger, however. A11 airplane engine cylinder with 
deep grooves must he scrapped as a rule. 

Where the grumes in the cylinder are not dee]) or where it has warped 
enough so the rings do not hear equally at all parts of the cylinder hore, it 
is possible to obtain a fairly accurate degree of finish hv a lapping process 
in which an old piston or a special expanding lead lap is coated with a 
mixture of fine emery and oil and is reciprocated up and down in the cyl- 
inder as w ell as turned at the same time. This may be easily done by using 
a dummy connecting rod having only a wristpin end boss, and of such size 
at the other end so that it can be held in the chuck of a drill press. The 
cylinder casting is firmly clamped on the drill press table by suitable clamp- 
ing blocks, and a wooden block is placed in the combustion-chamber to 
provide a stop for the piston at its lower extreme position The back gears 
are put in and the drill chuck is revolved slowly All the while that the 
piston is turning the drill chuck should be raised up and down by the hand 
feed lever, as the best results are obtained when the lapping member is 
given a combination of rotary and reciprocating motion. A process of 
recent development makes it possible to repair deep scores in cylinders by 
electro-deposition and another process involves filling the groove with 
silver solder but either of these methods are advisable only if it will be 
difficult to secure a new replacement member. 

Sizing and Finishing Cylinders. — Boring was the original and, for some 
time the only, method of finishing engine cylinders, but it was long ago 
recognized that friction is the highway robber of mechanical energy. Since 
an early period in the history of the gas engine, when it was necessary to 
run a new engine with a belt for several days to limber it up sufficiently 
to keep it moving from one explosion to another with the help of a heavy 
flywheel, engineers have been seeking a solution of the problem in the 
development of machines for finishing cylinders more jxu'fectly. Boring ma- 
chines have been improved greatly in recent years, especially the heavy- 
duty type for production work, but it is the lack of uniformity in cast iron, 
of which automobile and some aerial engine c\ linders are made, that renders 
it impossible for a boring tool to produce a finish without high and low r 
spots still existing. The steel sleeves comprising rumjKisitc aviation engine 
cylinders are more uniform in structure and boring and turning operations 
are necessary before the final finish by grinding or lapping. Cast iron or 
semi-steel air-cooled engine cylinders are roughed out by a boring opera- 
tion. 

Reaming is but a modification of the boring method, and, while claims 
are made of better results in finish than by boring, the increased pressure 
on the cylinder walls by reason of the greater area of cutting members, 
causes the thin portions of the w'all to spring away from the cutters, and 
when the reamer is w ithdrawal these thin portions spring back, leaving low 
places at the reinforced parts of the wall. In the resizing of worn engine 
cylinders it is desirable to remove the least possible amount of metal re- 
quisite to restore the hore to a round, true, straight and smooth condition. 
Even if all other requirements could he met successfully with boring or 
reaming tools, they w ould have to he set to remove an abnormal amount of 
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metal as compared with other methods, owing' to the glazed surface of the 
cylinder wall preventing the cutters from taking hold. 

Honing is a cylinder-finishing process that has come into extensive use 
recently. The machine, or tool, consists of a metal frame or cradle support- 
ing three to six abrasive stones that are pressed against the cylinder walls 
by springs. The hand-operated type is usually revolved in the cylinder 
by a portable electric drilling machine, being moved up and down at the 



Fig. 855. — Part Sectional View, Showing Valve Arrangement in Cylinder of Curtiss 

0X2 Aviation Engine. 

same time, somewhat after the manner of the cylinder lap. The power 
hone is operated by a drill press or a special honing machine is used. A 
survey of the cylinder-finishing' methods employed by 24 well-known 
builders of automobiles and engines, made early in l l H4 by the Research 
Department of the S A K., disclosed that twelve of the number honed the 
cylinders, nine finish-ground them and the remaining three used the lap- 
ping process. In no case was the hone used as a sizing and corrective 
operation except as a means for removing the tool marks and high spots 
that remain after reaming, or the slight roughness left after production 
grinding, and to g'i\e a highly-polished surface Grinding is the best 
method of reconditioning cslindei bores in the opinion of the majority of 
authorities consulted b\ the writer blit the work should be done only by 
skilled mechanics *ind on cylinder grinders specially made for the purpose 
equipped with fixtures heavy enough to keep the cylinder from springing. 
Even if grinding is used to remove metal, the honing process often follows 
it to give a smooth bore. 
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Valve Removal and Inspection. — One of the most important parts of 
the gasoline engine and one that requires frequent inspection and refitting 
to keep in condition, is the mushroom or poppet valve that controls the 
inlet and exhaust gas flow. In overhauling it is essential that these valves 
be removed from their seatings and examined carefully for various defects 
which will be enumerated at proper time. The problem that concerns us 
now is the best method of removing the valve. These are held against the 
seating in the cylinder by a coil spring which exerts its pressure on the 
cylinder casting at the upper end and against a suitable collar held by a key 
at the lower end of the valve stem. In order to remo\ c the valve it isi 
necessary to first compress the spring by raising the collar and pulling the 
retaining key out of the valve stem. Many forms of valve spring lifters 
have been designed to permit ready removal of the valves. 



Fig. 856. — Valve Spring Compression Tongs at A and B. Special Valve Spring Com- 
pressor Used with Fiat Engine Cylinder Shown at C. 

When the cylinder is of the valve-in-the-hcad form, the method of valve 
removal will depend entirely upon the system of cylinder construction fol- 
lowed. In some early cylinder designs it was jKissible to remove the head 
from the cylinder castings and the valve springs may be easily compressed 
by any suitable means when the cylinder head is placed on the work bench 
where it can be easily worked on. The usual method is to place the head 
on a soft cloth with the valves bearing against the bench. The valve springs 
may then be easily pushed down with a simple forked lever and the valve 
stem key removed to release the valve spring collar. In the Curtiss OX engines 
having a cylinder as shown at Fig. 855, and all other engines using one piece cyl- 
inders it is not possible to remove the valves without taking the cylinder off the 
crankcase, because the valve seats are machined directly in the cylinder head and 
the v;ilve domes are cast integrally with the cylinder. This means that if the 
valves need grinding the cylinder must be removed from the engine base 
to provide access to the valve heads which are inside of*, that member, and 
which cannot be reached from the outside as is true of the L-cylinder con- 
struction. In the Curtiss VX engines, the valves were carried in detach- 
able cages which could be removed when the valves need attention but this 
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construction is now obsolete and most modern engines have cylinders with 
heads integral. In cases where sparkplug holes are placed adjacent a valve 
so the valve head may be kept from moving, the tong type of valve spring 
compressor may be used. The longer handle or member has a piece bent 
at right angles that is introduced through the sparkplug hole and keeps the 
valve pressed against the seat while the other part bears against the valve 
spring retaining collar. Squeezing the tong handles together depresses the 
spring and the collar retention pin, key or split cone may be released from 
the valve stem. These may be made in various types as shown at Fig. 856 
A and 11. This type has been used successfully where the cylinder con- 
struction permitted. A valve spring compressor used with the Fiat four 
valve cylinders is shown at Fig. 85b C. A rod is introduced through the 
sparkplug hole to hold the valve head against the seat while the valve 
spring retaining collar is pressed down and the spring compressed suffici- 
ently to permit removal of the collar retention members. The lever carries 
a hook at one end which engages a nut screwed on one of the valve gear 
case retention studs while a swinging member between the hook and that 
portion of the handle where pressure is applied has a pad to bear against 
the spring collar as indicated. As four studs are used on each cylinder, all 
the valves may be depressed in turn by shifting the anchorage hook from 
one stud to the other depending on which valve is to be removed. Other 
valve spring removers have been shown in the chapters relating to overhaul 
of specific types of engines, so the mechanic should not be at a loss for sug- 
gestions to make valve spring compressors to fit almost any type of engine. 

Precautions in Reconditioning Valves. — Tn a paper read before the New 
England Section of the S. A. E., Jack Frost, field engineer of the Willis- 
Jones Machine Co., Detroit, Mich., discussed reconditioning of engine 
valves in a very interesting manner. lie stated that perfect valve action is 
complete, quiet closing at any speed. To show what, is necessary some 
simple sketches that cover the principal causes of 90 per cent of the valve 
troubles that have been encountered ever since the advent of the auto- 
motive engine arc shown at Fig. 857. At the left a valve-seat in perfect 
alignment with the center line of a perfect valve-stem guide is shown. The 
left-center drawing shows a perfect valve having the face concentric with 
the center line of the stem. At the right-center is drawn a valve with the 
head and face warped from the correct angle with the center line of the 
stem. Assuming that the guide measures 0.375 inch in diameter and these 
two stems measure 0.374 inch each, the guide clearance is 0.001 inch. This 
is as close a fit as will allow a valve to drop of its own weight in a hole 
or guide of this size. The valve at the right-center in Fig. 1 would not seat 
itself. The low side would strike and the valve would be held open on the 
opposite side. The valve at the left-center will seat perfectly, as its face 
will touch the entire circumference of the seat, and the valve does not 
require more than its own weight to seat itself. For the valve at the righ- 
center to seat, it is necessary that the clearance between the stem and the 
guide be sufficient to permit the stem to assume an angle in the guide 
corresponding to J.he misalignment between the valve face and the valve- 
stem, as indicated at the extreme right in Fig. 857 D. 

Whether the clearance is 0.(X)15 or 0.0100 inch, the stem must have 
enough clearance in the guide to close through any eccentricity present. 
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The spring pulls the stem sharply against the wall of the guide with a 
sharp metallic click, unless the clearance is excessive. The valve-spring on 
all automobiles is designed with just enough tension for closing the valve 
at top speed of the camshaft. It will travel or extend at only one given 
speed, according to its tension, hut the camshaft has a variable speed. In 
most cases when an engine is taken dow n, it is found that only one or two 
valves are burned. If the metal in the valve were at fault, all the valves 
would burn under the same speed or heat conditions. When a valve does 
not close completely, the compressed burning gas, which reaches, under 
ordinary operating conditions, a temperature of 1,5(X) to 2,5(X) degrees Fah- 
renheit, is forced with great velocity through the small opening left and 
burns the valve face or wuirps the stem. Were it possible to cut the valve- 
seat in perfect alignment with the guide and to cut the valve face true 
with the stem, we should not require more than 0 0015-inch clearance be- 
tween the stem and the guide. 

Assume that the valve-seat and the valve-stem guide are perfectly true 
with each other and that the valve face is true wuth its stem w hen the engine 
is assembled at the factory; still the seats and guides are subject to season- 
ing, as is the case with all parts made of cast iron, and the intense heat 
generated in the automotive engine brings a rapid change in the texture 
of the metal and distorts these parts For this reason tungsten steel or 
case hardened steel guides are often used in aviation engines though cast 
iron is the metal generally employed in automobile motors. Phosphor 
bronze guides have also been used in alloy heads because its expansion 
coefficient is nearer that of alloy than steel or iron guides. 

In the seasoning of cast iron, the metal becomes irregular in density 
and hardness, sometimes producing spots or portions that are many times 
harder than the surrounding metal Should one or more of these hard 
spots appear in or near the surface of the valve-seat, the hammer-like blows 
of the valve w r ill tend to produce faster wear in the softer metal at the 
opposite side of the seat. Although the seasoning and resultant warping 
of cast iron starts with the cooling of the casting in the foundry, this action 
continues indefinitely but diminishes slowly with age or use. The valve- 
stem guides sometimes require from l.(XX) to 2,000 miles of running before 
they have become permanently set or seasoned. Thus, e\ery hour’s opera- 
tion of the engine adds to the value of the material in these parts, but 
makes it necessary to service or recondition the valve-seats as soon as 
possible after the engine shows such reconditioning to be needed 

The guide, a small member held by less than 50 per cent of its own 
length and extending, as it does, into the valve port where the heat from 
the burning gas has greater opportunity to w r arp it, sometimes loses its 
perfect alignment with the seat and changes the direction of travel of the 
valve. The spring has the pow er to close the valve regardless of this untrue 
condition, but does so through a second unnecessary movement, the valve 
striking a small portion of the seat first and then gaining the full seat 
through a pendulum-like swung of the stem. This produces a metallic click 
that defies removal through reducing the tappet clearance. 

If one must cut a seat in metal that contains different degrees of hard- 
ness, the cut will show slight chatter marks if examined closely. It is im- 
possible to prevent these chatter marks. When the cutter reaches the hard 
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spots, regardless of the weight of the tool, it will first slow down and then 
speed up as it gets through the hard spots, pulling the softer metal beyond 
or forcing the cutter away. If, after cutting the scat as perfectly as pos- 
sible, an attempt is made to grind it, the grinding compound is resisted by 
the hard spot and the seat is ground into further misalignment because of 
the softer metal opposite taking the grinding far faster than the hard spot. 

It is sometimes said that it is foolish to cut away the scale when recut- 
ting the valve-seat, as it has been a long time in arriving at the condition 
of a glazed, hard surface. However, if cutting is done with compound and 
with the valve only, the scale is being cut and it is not known whether the 
alignment is being corrected. If the seat is being cut before grinding, all 
scale must be removed from the full surface; otherwise a hard, glazed spot 
may be left that will resist the pounding of the valve while permitting the 
soft metal on the opposite side to be pounded into misalignment. 
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Fig. 857. — Valve Seat and Guide Relation Shown at A. B Shows Valve Head and 
Stem in Proper Relation. C Outlines Warped Valve Head. D Shows How Ex- 
cessive Clearance is Needed in Valve Stem Guide to Allow Misaligned Valve to Seat 

Itself Completely. 


Much difference of opinion exists as to the proper width of the valve- 
seat face Some engines have a seat width of \ inch and some have about 
inch. The best width of seat for average work is about inch. The 
seat should not he less than inch on the smaller valves. In recutting 
the valve-scat, all scale and glaze is removed and the surface is left furred 
or soft. Tf the seat is too narrow, the hammer-like blows of the valve will 
easily pound this down, constantly changing the tappet clearance. Another 
condition to he avoided, especially if bronze inserts are used in alloy heads 
is the use of narrow seats w hich might reduce heat transfer from head to 
seating. 

Upon removing valves for grinding, and after cleaning carbon from the 
valve and stem and checking the stem for wear, it should he remembered 
that, if the guide shows 0 (XU-inch wear, a new valve-stem would have a 
possible O(XX) or 0(X)7-inch clearance. To prevent possible leakage of the 
exhaust and imperfect carburetioii, the valve-stem should not show" w'ear in 
excess of 0.003 inch. It is not the amount of wear on either the stem or the 
guide that gives trouble, hut the excessive clearance that would result in 
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wear showing in both units ; therefore, through the aid of plus pilots, we 
must check the guide size and replace the valves if the old stem shows 
that clearance will be greater than 0.(308 inch, or must rebore the guide 
or use new guides if of hardened steel and use new valves with oversize 
stems. 

It should also be remembered, when chucking or holding the valve-stem 
for refacing in a valve facing machine or in a lathe that the wear on the 
stem is not evenly distributed. When attempting to reface a valve showing 
excessive wear on one side of the stem, be sure to hold the valve-stem by 
the unworn section just abo\e the point of wear. If the refaced valve is 
very thin at the outer edge, the valve should be replaced, as the thin edge 
will burn. It is a good plan to test the setting of the work-head of t'he 
valve-refacing machine with a new valve and, after locking the head on a 
45-degree angle, to grind or sharpen the 45-degree seat-cutters so that seats 
and valves will have the same angle and mate perfectly. Of course, if the 
valve head has a 30 degree angle the proper head adjustment must be made. 

Do not, under any circumstances, lap the valve to the seat heavily, as 
it is possible to ruin a seat and never secure a true result from the work. 
Only light lapping is ever necessary if the seat and the guide are true with 
each other and the valve face is true with the stem, and then only to remove 
slight chatter marks. Should any blank spots appear on the valve, this 
would show faulty refacing and the val vc-refacing machine should be cor- 
rected. Should blank spots appear on the seat, the tool should be set up 
and checked with a new cut w ith a cutter, making sure that a complete circle 
is cut before disturbing or removing the cutter. 

It Avill be found upon examination that the rocker arm in some engines 
shows wear where contact with the valve-stem end is made. Sometimes 
the wear is crescent shaped and sometimes forms a complete circle. Tn re- 
assembling the parts, the same alignment of the valve cannot be secured; 
the valve-stem is likely to strike on the edge of this w T orn section and the 
valve to go through a second motion in closing. A shim cannot be in- 
serted with any degree of accuracy and therefore more noise is produced. 
The only solution is to regrind the rocker arm end. It is to avoid this wear 
that rollers of hardened steel are used in rocker arm ends wdiere they bear 
on the valve stems. 

Reseating and Truing Valves. — Much has been said relative to valve 
grinding, and despite the mass of information given in the trade prints it 
is rather amusing to watch the average repairman or the engine user who 
prides himself on maintaining his own motor performing this essential 
operation. The common mistakes are attempting to seat a badly grooved 
or pitted valve head on an equally bad seat, which is an almost hopeless 
job. and of using coarse emery and bearing dow n with all one’s weight on 
the grinding tool with the hope of cpiickly wearing aw ay the rough surfaces. 
The use of improper abrasive material is a fertile cause of failure to obtain 
a satisfactory seating. Valve grinding is not a difficult operation if certain 
precautions are taken before undertaking the w F ork. The most important 
of these is to ascertain if the valve head or scat is badly scored or pitted. 
If such is found to be the case no ordinary amount of grinding will serve 
to restore the surfaces. In this event the best thing to do is to remove the 
valve from its seating and to smooth down both the valve head and the 
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seat in the cylinder before attempt is made to fit them together by grinding. 
Another important precaution is to make sure that the valve stem is 
straight, and that the head is not warped out of shape. 

A number of simple tools is available at the present time for reseating 
valves, these being outlined at Fig. 858. 'That shown at A is a simple fix- 
ture for facing olT the valve head. The stem is supported by suitable bear- 
ings carried by the body or shank of the tool, and the head is turned against 



Fig. 858. — Tools for Restoring Valve Head and Seats. 


an angularly disposed cutter which is set for the proper valve seat angle. 
The valve head is turned by a screwdriver, the amount of stock removed 
from the head depending upon the location of the adjusting screw. Care 
must be taken not to remove too much metal, only enough being taken off 
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to remove the most of the roughness. Valves are made in two standard 
tapers, the angle being either 45 or 60 degrees. It is imperative that the 
cutter blade be set correct!} in order that the bevel is not changed. A set 
of valve truing and \alve-seat reaming cutters is shown at big. 858 B. 
This is adaptable to \arious size \al\e beads, as the cutter blade 1.) may 
be moved to correspond to the size of the \al\e head being trued up. These 
cutter blades are made of tool steel and have a bevel at each end, one at 
45 degrees, the other at 60 degrees. The valve seat reamer shown at G will 
take any one of the heads shown at K. It will also take any one of the 
guide bars shown at H The function of the guide bars is to tit the valve 
stem bearing in order to locate the reamer accurately and to insure that 
the valve seat is machined concent ricalh with its normal center. Another 
form of valve seat reamer and a special wrench used to turn it is shown at 
C. The \alve head truer shown at big. 858 ]_), is intended to be placed in a 
vise and is adaptable to a variety of valve head sizes. The smaller valves 





Fig. 859. — Valve Head Grinder for Use with Hard Steel Valves is Motor Driven, 
Has Variable Feed and Adjustable Chuck to Hold Stems of Various Diameters. 

merely fit deeper in the conical depression. The cutter blade is adjustable 
and the valve stem is supported by a simple self-centering bearing. In 
operation it is intended that the valve stem, which protrudes through the 
lower portion of the guide bearing, shall be turned by a drill press or bit 
stock while the valve head is set against the cutter by pressure of a pad 
carried at the end of a feed screw which is supported by a hinged bridge 
member. This can be swung out of place as indicated to permit placing the 
valve head against the cutter or removing it. 

As the sizes of valve heads and stems vary considerably a “Universal” 
valve head truing tool must have some simple means of (•entering the valve 
stem in order to insure concentric machining of the valve head. A valve 
head truer which employs an ingenious method of guiding the valve stem 
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is shown at Fig - . 858 E. The device consists of a body portion, R, provided 
with an external thread at the to]) on which the cutler head. A, is screwed. 
A number of steel balls, C, aie carried in the grooves which may be altered 
in size bv the adjustment nut, F. which screws m the bottom of the body 
portion, lb As the nut F is screwed m against the spacer member E, the 
Vee-grooves are reduced in size and the steel balls, (\ are pressed out ill 
contact with the valve stem. As the circle or annulus is tilled with balls in 
both upper and lower portions the stem may be readily turned because it is 
virtually supported by ball bearing guides When a larger valve stem is 
to be supported, the adjusting nut h\ is screwed out which increases the 
size of the grooves and permits the balls, C. to spread out and allow the 
larger stem to be inserted Some aviation engine valve heads are made of 
such bard materials that none of the cutting tools shown, which have been 
developed for auto engine valves primarily can be used and special valve 
grinders such as shown at Fig 85 ( ) are necessary to restore the valve head. 
The valve is supported bv a special chuck and the face is ground at any 
desired angle by the rapidly revolving, motor driven emery wheel. Attach- 
ments are provided for stems of various diameters. The work carriage may 
be moved back and forth as well as sideways by independent hand wheel 
control. The machine shown is made by K R. Wilson, IhilTalo, New York, 
and is made to operate on (>0 cvcle 110 volt alternating current. Motors wound 
for other voltages mav be obtained. 

Valve Grinding Processes. — Mention has been previously made of the 
importance of truing both valve head and seat before attempt is made to 
refit the parts by grinding After smoothing the valve seat the next step 
is to find some way of turning the valve. Automobile valve beads are 
usually provided with either a screwdriver slot passing through the boss 
at the top of the valve or with two drilled boles to take a forked grinding 
tool. A combination grinding tool has been devised which may be used 
when either the two drilled holes or the slotted head form of valve is to be 
rotated. This consists of a special form of screwdriver having an enlarged 
boss just above the blade, this boss serving to support a U-shaped piece 
which can be securely held in operative position by the clamp screw or 
which can be turned out of the way if the screwdriver blade is to be used. 
Aviation engine valves, especially of the tulip form do not have slots or 
holes and must be turned by the stem end through a special T handle tool 
or if turned by the head a vacuum cup valve grinder will be essential. This 
is a rubber suction cup mounted on the end of a long handle, the cup stick- 
ing to the valve head. 

As it is desirable to turn the valve through a portion of a revolution and 
hack again rather than turning it always in the same direction, a number 
of sjiecial tools has been designed to make this oscillating motion possible without 
trouble. A simple valve grinding tool is shown at Fig. 8(;>0 C. This con- 
sists of a screwdriver blade mounted in a handle in such a wav that the 
end may turn freely in the handle. A pinion is securely fastened to the 
screwdriver blade shank, and is adapted to fit a race provided with a wood 
handle and guide* l by a bent bearing member securely fastened to the 
screwdriver handle. As the rack is pushed back and forth the pinion must 
be turned first in one direction and then in the other. 
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A valve grinding tool patterned largely after a breast drill is shown at 
Fig. D. This is worked in such a manner that a continuous rotation 
of the operating crank will result in an oscillating movement of the chuck 
carrying the screwdriver blade. The bevel pinions which are used to turn 
the chuck are normally free unless clutched to the chuck stem by the slid- 
ing sleeve which must turn with the chuck stem and which carries clutching 
members at each end to engage similar members on the bevel pinions and 
lock these to the chuck stem, one at a time. The bevel gear carries a cam- 
piece which moves the clutch sleeve back and forth as it revolves. This 
means that the pinion giving forward motion of the chuck is clutched to 
the chuck spindle for a portion of a revolution of the gear and clutch sleeve 
is moved back by the cam and clutched to the pinion giving a reverse 
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Fig. 860 . — Tools and Processes Used in Auto Engine Valve Grinding May Offer Sug- 
gestions to Aero Engine Repairmen. 
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motion of the chuck during the remainder of the main drive gear revolution. 
A tool of this nature can be used in connection with aviation engines valves 
by using an extension piece that will hold the valve stem and having an- 
other end to lit the chuck, just as the screw dri\ er blade fits in the sketch. 

The usual methods of valve grinding are clearly outlined at Fig. 860 and 
while automobile motor cylinders are shown the operations are the same 
in aviation engines if the valve head construction permits of using either 
a screwdriver blade or a forked end tool to turn it. The view at the left 
shows the method of turning the valve by an ordinary screwdriver and 
also shows a \alve head having the screwdriver slot for turning the mem- 
ber and two special forms of fork-end valve grinding tools. In the sectional 
view shown at the right, the use of the light spring between the valve head 
and the bottom of the valve chamber to lift the valve head from the seat 
whenever pressure on the grinding tool is released is clearly indicated. 
It will be noted also that a ball of waste or cloth is interposed in the pas- 
sage between the valve chamber and the cylinder interior when L head 
cylinders are used to prevent the abrasive material from passing into the 
cylinder from the valve chamber but such cylinders are rare in aviation 
engines. With an I-head cylinder the interior is easily reached for cleaning 
out all abrasive with gasoline and a compressed air hose. When a bitstock 
is used, instead of being given a true rotary motion the chuck is merely 
oscillated through the greater part of the circle and back again. It is neces- 
sary to lift the valve from its seat frequently as the grinding operation 
continues, this is to provide an even distribution of the abrasive material 
placed between the valve head and its seat. Only sufficient pressure is 
given to the bitstock to overcome the uplift of the spring and to insure 
that the valve will be held against the seat. Where the spring is not used 
it is possible to raise the valve from time to time with the hand which is 
placed under the valve stem to raise it as the grinding is carried on It is 
not alwavs possible to lift the valve in this manner when the cylinders are 
in place on the engine base owing to the space between the valve lift 
plunger and the end of the valve stem. In this event the use of the spring 
as shown in sectional view will be desirable. 

The abrasive generally used is a paste made of medium or fine emery 
and lard oil or kerosene or special valve grinding compounds, of which 
Clover Brand is a good example. This is used until the surfaces are com- 
paratively smooth, after which the final polish or finish is given with a paste 
of Hour emery, grindstone dust, crocus, or ground glass and oil. An errone- 
ous impression prevails in some quarters that the valve head surface and 
the seating must have a mirror-like polish. While this is not necessary it 
is essential that the seat in the cylinder and the bevel surface of the head 
be smooth and free from pits or scratches at the completion of the opera- 
tion. All traces of the emery and oil should be thoroughly washed out of 
the valve chamber with gasoline before the valve mechanism is assembled 
and in fact it is advisable to remove the old grinding compound at regular 
intervals, wash the seat thoroughly and supply fresh material as the process 
is in progress. # 

The truth of seating* may be tested by taking some Prussian blue pig- 
ment and spreading a thin film of it over the valve seat. The valve is 
dropped in place and is given about one-eighth turn with a little pressure 
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on the tool. If the seating is good both valve head and seat will be covered 
uniformly with color. If high spots exist, the heavy deposit of color will 
show these while the low spots will be made evident because of the lack of 
pigment. The grinding process should be continued until the test shows 
an even bearing of the valve head at all points of the cylinder seating. 

When the valves are held in cages or in detachable cylinder heads as 
in some marine motors it is possible to catch the cage in a vise and to turn 
the valve in any of the ways indicated. It is much easier to clean off the 
emery and oil and there is absolutely no danger of getting the abrasive 
material in the cylinder if the construction is such that the valve cage or 
cylinder head member carrying the valve can be removed from the cylinder. 
When valves are held in cages, the tightness of the seat may be tested by 
partially filling the cage with gasoline and noticing how much liquid oozes 
out around the valve head. The degree of moisture present indicates the 
efficacy of the grinding process A new method of testing vahe seatings 
involves using a rubber cup and pressure gauge over the valve and after 
pumping m air, to notice how quickly it leaks out. 

The valves of Curtiss OX series and most other aviation engine cylin- 
ders are easily ground in b\ using a simple fixture or tool and working 
from the' lop of the cylinder instead of from the inside. \ tube having a 
bore just large enough to go over the \a1ve stem is provided with a wooden 
handle or taped at one end and a hole of the same si/e as that drilled 
through the valve stem is put in at the other. To use, the open end of the 
tube is pushed over the valve stem and a split pin pushed through the tube 
and stem. The \alve may be easily manipulated and ground in place by 
oscillating in the customary manner, bor more modern engines using split 
retention collars, the end of the grinding tool ma\ he a chuck arrangement 
and clamp the valve stem In friction. This operation is clearly shown in 
preceding chapters describing repair processes on specific engine types. 

Depreciation in Valve Operating Systems. — There a number of points 
to be watched in the valve operating system because valve timing may be 
seriously interfered with if there is much lost motion at the various hearing 
points in the valve lift mechanism. The two conventional methods of open- 
ing valves are shown at Fig. 8(>1. 'That at A is the type employed when 
the valves are mounted directly in the head, while the form at B is the 
system used when the valves arc located in a pocket or extension of the 
cylinder casting as is the case if ail L- or T-hoad cylinder is used as in 
automobile or marine engine practice. It will he evident that there are 
several points where depreciation may take place. The simplest form is 
that shown at B, and c\eu on this there are live points where lost motion 
may he noted. The periphery of the \alve opening cam 01 roller may be 
worn, though this is not likely unless the roller or cam lias been inadvert- 
ently left soft. The pin which acts as a bearing for the roller may become 
worn, this occurring quite often. Looseness may materialize between the 
bearing surfaces of the valve lift plunger and the plunger guide casting, 
and there may also be excessive clearance between the top of the plunger 
and the valve stem. 

On the form shown at big. 861 A there are several parts added to those 
indicated at B. A walking beam or rocker lever is necessary to transform 
the upward motion of the tappet rod to a downward motion of the valve 
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stem. The pin on which this member fulcrums may wear as will also the 
other pin acting as a hinge or bearing for the yoke end of the tappet rod. 
In various forms, instead of the end of the \alve rocker being formed on 
an arc of a circle and bearing against the stem, the end may be forked and 
a roller mounted therein. W ear ina\ exist on the pin causing shake or lost 
motion between the roller and the pin. Rail end pushrods are used on most 
modern engines and depreciation is easily taken up by the means provided 
for the purpose, usual 1> consisting of screw nig the co-acting ball ends closer 
together, it will be apparent that if slight pla\ existed at each of the points 




tig. 861 . — Outlining Points in Valve Operating Mechanism of Automotive Engines 
Where Depreciation is Apt to Exist. 

mentioned it might result in a serious diminution of valve opening. Sup- 
pose, for example, that there were .005-inch lost motion at each of three 
bearing points, the total lost motion would be .015-inch or sufficient to 
produce noisy action of the valve mechanism and appreciably alter valve timing. 
When valve plungers of the adjustable form, such as shown at B, arc used, the 
hardened holt head In contact with the end of the valve stem may become hol- 
lowed out on account of the hammering action at that point. It is imperative that 
the top of this member be ground off true and the clearance between the valve 
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stem and plunger properly adjusted. If the plunger is a nonadjustablc type it will 
he necessary to lengthen the valve stem by some means in order to reduce 
the excessive clearance. The only remedy for wear at the various hinges 
and bearing pins is to bore the holes out slightly larger and to fit new 
hardened steel pins of larger diameter. Depreciation between the valve 
plunger guide and the valve plunger is usually remedied b\ fitting new 
plunger guides in place of the worn ones. If there is sufficient stock in the 
plunger guide casting as is sometimes the case when these members are not 
separable from the cylinder casting, the guide may be bored out and bushed 
with a light bronze bushing but guides are removable in most aviation 
engines and can be replaced with new. 

A common cause of irregular engine operation is due to a sticking valve 
as shown at Fig. 861 C. This may be owing to a bent valve stem, a weak 
or broken valve spring if a single spring is used, or an accumulation of 
burnt or gummed oil between the valve stem and the valve stem guide. 
In order to prevent this the valve stem must be smoothed with fine emery 
cloth and no burrs or shoulders allowed to remain on it. and the stem must 
also be straight and at right angles to the valve head, if the spring is weak 
it may be strengthened in some cases by stretching it out after annealing 
so that a larger space will exist between the coils and re-hardening. Ob- 
viously if a spring is broken the only remedy is replacement of the defective 
member and the writer strongly urges the replacement of any weak spring 
or springs with new ones. The popular method of overhead valve actuation 
in aviation engines is that shown at Fig. <861 D. Rocker arms carry rollers at 
one end to ride the cam and an adjusting screw at the oilier. Wear can 
exist at the rocker fulcrum hearings and between the roller and its pin on 
the cam end. 

Mention has been made of wear in the valve stem guide and its influence 
on engine action. When these members are an integral part of the cylinder 
as in some of the cheaper auto engines the only method of compensating 
for this wear is to drill the guide out and fit a bushing, which ma\ be made 
of steel tube. In aero engines, especially those of recent development, the 
valve stem guide is driven or screwed into the cylinder or head casting and 
is a separate member which may be removed when worn and replaced with 
a new one. When the guides become enlarged to such a point that con- 
siderable play exists between them and the valve stems, they may be easily 
knocked out or unscrewed and replaced with new. 

Piston Troubles. — If an engine has been entirely dismantled it is very 
easy to examine the pistons for deterioration. While it is important that 
the piston be a good fit in the cylinder it is mainly upon the piston rings 
that compression depends. The piston should fit the cylinder with but 
little looseness, usual practice being to have a cast iron piston about .001- 
inch smaller than the bore for each inch of piston diameter at the point 
where the least heat is present or at the bottom of the piston. It is neces- 
sary to allow more than this at the top of the piston owing to its expansion 
due to the direct heat of the explosion. The clearance is usually graduated 
and a piston that would be .005-inch smaller than the cylinder bore at the 
bottom would be about .0065-inch at the middle and .0075-inch at the top. 
If much more play than this is evidenced the piston will “slap” in the cyl- 
inder and the piston will be worn at the ends more than in the center. 
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Aluminum or alloy pistons require more clearance than cast iron ones do, 
usually 1.50 times as much. Pistons sometimes Avar]) out of shape and are 
not truly cylindrical, especially in the trunk types which arc not relieved 
around the piston bosses. This results in the high spots rubbing on the 
cylinder while the low spots will be blackened where a certain amount of 
gas has leaked by. If the piston is not scratched too deeply, or the black- 
ened areas do not extend from top to bottom, they may be replaced after 
cleaning off the roughness. If worn so that there is considerable slap in 
the cylinder, the only remedy is replacement with members of the proper 
size. A piston should be carefully examined for wear at the wristpin bosses 
if the pin is a floating t_\ pe and also for cracks in the skirt or head. 

Mention has been previously made of the necessity of reboring or rc- 
grinding a cylinder that has become scored or scratched and which allows 
the gas to leak by the piston rings. When the cylinder is ground out, it is 
necessary to use a larger piston to conform to the enlarged cylinder bore. 
Most manufacturers are prepared to furnish over-size pistons, there being 
four standard over-size dimensions adopted by the S. A. K. for rcbored 
cylinders. These are .010-inch, .020-inch, .030-inch, and .040-inch larger 
than the original bore 

The piston rings should be taken out of the piston grooves and all car- 
bon deposits removed from the inside of the ring and the bottom of the 
groove. It is important to take this deposit out because it prevents the 
rings from performing their proper functions by reducing the ring elas- 
ticity, and if the deposit is alloAved to accumulate it may eventually result 
in sticking and binding of the ring, this producing excessive friction or 
loss of compression. When the rings are removed they should be tested 
to see if they retain their elasticity. Tf gas has been blowing by the ring 
or if these members ha\ e not been fitting the cylinder properly the points 
where the gas passed aviII be evidenced by burnt, brown or roughened por- 
tions of the polished surface of the pistons and rings. The point w r here this 
discoloration will be noticed more often is at the thin end of an eccentric 
ring, the discoloration being present for about / inch or inch each side 
of the slot. It may be possible that the rings were not true w hen first put 
in. This made it possible for the gas to leak by in small amounts initially 
w'hiodi increased due to continued pressure until quite a large area for gas 
escape had been created. Practically all aviation engines now use concen- 
tric piston rings and as various types of compression, oil control, quick- 
seating and compound rings have been fully considered in the chapter on 
pistons and rings, it is not necessary to go into this subject again. 

Piston Ring Manipulation. — Removing piston rings without breaking 
them is a difficult operation if the proper means are not taken, but is a 
comparatively simple one w hen the trick is known. The tools required are 
very simple, being three strips of thin steel about one-quarter inch wide 
and four or five inches long and a pair of spreading tongs made up of one- 
quarter inch diameter kc) stock tied in the center with a copper wire to 
form a hinge. The construction is such that when the hand is closed and 
the handles brought together the other end of the expander spreads out, 
an action just opposite to that of the conventional pliers. The method of 
using the tongs and the metal strips is clearly indicated at Fig. 862. At A 
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the ring expander is shown spreading the ends of the rings sufficiently to 
insert the pieces of sheet metal between one of the rings and the piston. 
Grasp the ring as shown at B, pressing with the thumbs on the top of the 
piston and the ring will slide off easily, the thin metal strips acting as guide 
members to prevent the ring from catching in the other piston grooves. 
Usually no difficulty is experienced in removing the top or bottom rings, 
as these members may be easily expanded and worked off directly without 



Fig. 862. — Method of Removing Piston Rings and Simple Clamp to Facilitate Insertion 
of Rings in Cylinder Bore. A — How to Use Expander. B — Metal Strips to Permit 
Working Ring Over Piston Grooves. C — Clamp for Compressing Rings and its Use. 

the use of a metal strip. When remming the intermediate rings, however, 
the metal strips will be found very useful. These arc usually made by the 
repairman by grinding the teeth from old hacksaw blades and rounding the 
edges and corners in order to reduce the liability of cutting' the fingers. By 
the use of the three metal strips a ring is removed without breaking or 
distorting it and practically no time is consumed in the operation. 

Fitting Piston Rings. — Before installing new rings, they should be care- 
fully fitted to the grooves to which they are applied. The tools required 
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are a large piece of fine emery cloth, a thin, flat file, a small vise with 
copper or leaden jaw clips, and a smooth hard surface such as that afforded 
by the top of a surface plate or a well planed piece of hard wood. After 
making sure that all deposits of burnt oil and carbon have been removed 
from the piston grooves, three rings are selected, one for each groove. The 
ring is turned all around its circumference into the groove it is to fit, which 
can be done without springing it over the piston as the outside edge of the 
ring may be used to test the width of the groove just as well as the inside 
edg'e. The ring should be a fair fit and while free to move circumferentially 
there should be no appreciable up and down motion. If the ring is a tight 
fit it should be laid edge down upon the piece of emery cloth which is placed 
on the surface plate and carefully rubbed down until it fits the groove it 
is to occupy. It is advisable to fit each piston ring individually and to mark 
them in some way to insure that they will be placed in the groove to which 
they are fitted. 

The repairman next turns his attention to fitting the ring in the cylinder 
itself. The ring should be pushed into the cvhnder at least two inches up 
from the bottom and endeavor should be made to have the lower edge of 
the ring’ parallel with the bottom of the cylinder. If the ring is not of 
correct diameter, but is slightly larger than the cylinder bore, this condition 
will he evident by the angular slots of the rings being out of line or by 
difficulty m inserting the ring if it is a lap joint form. If such is the case 
the ring is removed from the cylinder and placed in the vise between soft 
metal jaw clips. Sufficient metal is removed with a fine file from the edges 
of the ring at the slot until the edges come into line and a slight space exists 
between them when the ring is placed into the cylinder. It is important 
that this space he left between the ends, for if this is not done when the 
ring becomes heated the expansion of metal may cause the ends to abut 
and the ring to jam in the cvhnder. The piston ring gap depends on the 
type and size of the engine and is usually given in the engine manufac- 
turer’s tolerances and clearances table. 

It is necessarv to use more than ordinary caution in replacing the rings 
on the piston because thev are usually made of cast iron, a metal that is 
very fragile and liable to break because of its brittleness. Special care 
should be taken in replacing new rings as these members are more apt to 
break than old ones which are seasoned. This is probably accounted for 
by the heating action on used rings which tends to anneal the metal as well 
as making it less springy. The bottom ring should be placed in position 
first which is easily accomplished by springing the ring open enough to 
pass on the piston and then sliding it into place in the lower groove which 
on some types of engines is below the vvristpin, whereas in others all 
grooves are above that member. The other members are put in by a re- 
versal of the process outlined at Fig. 862 A and lb It is not always neces- 
sary to use the guiding strips of metal when replacing rings as it is often 
possible, by putting the rings on the piston a little askew and maneuvering 
them to pass the grooves without springing the ring into them. The top 
ring should he thj? last one placed in position. 

Before placing pistons in the cylinder one should make sure that the 
slots in the piston rings are spaced equidistant on the piston, and if pins 
are used to keep the ring from turning one should he careful to make sure 
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that these pins fit into their holes in the ring and that they are not under 
the ring at any point. Practically all cylinders are chamfered at the lower 
end to make insertion of piston rings easier. The operation of putting on 
a cylinder casting over a piston really requires two pairs of hands, one to 
manipulate the cylinder, the other person to close the rings as they enter 
the cylinder. This may he done very easily by a simple, clamp member 
made of sheet brass or iron and used to close the ring as indicated at Fig. 
862 C. Tt is apparent that a narrow clamp must he adjusted to each in- 
dividual ring and that the split portion of the clam]) must coincide with the 
split portion of the ring. Wider clamps that will embrace all rings and 
provided with a bolt to bold the lips together and the ring contracted arc 
sometimes used. The cylinder should be well oiled before any attempt is 
made to install the pistons. The engine should be run with more than the 
ordinary amount of lubricant for several hours after new piston rings have 
been inserted. On first starting the engine, one nun be disappointed in that 
the compression is even less than that obtained with the old rings. This 
condition will soon be remedied as the rings become polished and adapt 
themselves to the contour of the cylinder. 

Wristpin Wear. — While wristpins are usually made of very tough steel, 
case hardened with the object of w eating out an easily renewable bronze 
bushing in the tipper end of the connecting rod rather than the wristpin it 
sometimes happens that these members will be worn so that e\en the re- 
placement of a new bushing in the connecting rod will not reduce the lost 
motion and attendant noise due to a loose wristpin. The only remedy is 
to fit new wristpins to the piston. Where the connecting rod is clamped to 
the wristpin and that member oscillates in the piston bosses the wear will 
usually be indicated on bronze bushings which are pressed into the piston 
bosses of cast iron pistons though an hen alloy is used, the wristpins usually 
bear directly in the metal. These arc easily renewed and after running a 
reamer through them of the proper si/e no difficult) should he experienced 
in replacing either the old or a new’ wristpin depending upon the condition 
of that member, if no bushings are provided, as in allo\ pistons, the bosses 
can sometimes he bored out and thin bushings inserted, though this is not 
ahvays possible. The alternative is to ream or grind out the bosses and 
upper end of rod a trifle larger after holes are trued up and fit oversize 
wristpins. 

Inspecting Crankshaft and Crankcase. — The crankshaft, after the pro- 
peller lnd) has been removed, should be put between centers to check the 
trueness of the shaft end and to determine whether or not the shaft is 
sprung. Main bearings and connecting rod or crankpins should be meas- 
ured for amount of wear, or indicated with a dial or special test-indicator. 
Crankpin bearings that are out-of-parallcl with the main bearings throw 
the connecting rods out-of-line, causing them to whip hack and forth be- 
tween the piston-pin bosses, producing probably 50 per cent of the noise 
usually attributed to piston slap This lack of parallelism can best be de- 
termined by the use of a special crankshaft testing machine, with paral- 
lelograph attachment, which draw’s a picture showing the exact condition 
of the pins relative to the main hearings 

The crankcase should be checked up for cracks, alignment and warpage 
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of the base. All cylinder-block and journal -bearing studs should be exam- 
ined for poor threads or looseness in the crankcase. Camshafts, camshaft 
bushings in the crankcase, timing-gears, idler gears, idler-gear studs, idler- 
gear bushings, and magneto and water-puinp-shaft bushings and bearings 
should be checked to determine whether new ones are required. Connect- 
ing rods should be examined for fractures and all bolts and nuts should be 
given special attention. 

Worn timing-gears are always more or less noisy, and, while the old 
ones may frequently be used in a reconditioning job, this should never be 
done without a clear understanding with the owner, who may not place as 
high value on quietness as is represented in the cost of new gears. Idler- 
gear studs may be saved by grinding off 0.002 inch from the outside 
diameter, as the new bushings usually have enough metal inside to allow 
for an undersized stud. 

Inspection and Refitting of Engine Bearings. — While the engine is dis- 
mantled one has an excellent opportunity to examine the various hearing 
points in the engine crankcase to ascertain if an\ looseness exists flue to 
depreciation of the hearing surfaces. As will he evident, both main crank- 
shaft hearings and the lower end of the connecting rods may be easily 
examined for deterioration. With the rods in place, it is not difficult to 
feel the amount of lost motion by grasping the connecting rod firmly with 
the hand and moving it up and down. After the connecting rods have been 
removed and the propeller luih taken oil the crankshaft to permit of ready 
handling, any looseness m the main hearing nia\ he detected by lifting up 
oil cither the front <>r rear end of the crankshaft and observing if there is 
any lost motion between the shaft journal and the main hearing caps. It 
is not necessary to take an engine entirely apart to examine the main hear- 
ings, as in most forms these mav be readily reached by removing the sump. 
The symptoms of worn main hearings are not hard to identify. If an en- 
gine knocks regardless of speed or spark-lever position, and the trouble is 
not due to detonation because of unsuitable fuel or carbon deposits in the 
combustion-chamber, one may reasonably surmise that the main bearings 
have become loose or that lost motion may exist at the connecting rod big 
ends, and possibh at the wristpms. The main journals of any well designed 
engine are usually proportioned with ample surface and will not wear un- 
duly unless lubrication has been neglected. The connecting rod bearings 
wear quicker than the main hearings owing to being subjected to a greater 
unit stress, and it mav he necessary It) take these up or replace the bearing 
metal. 

Adjusting Main Bearings. — When the bearings are not worn enough to 
require refitting the lost motion can often he eliminated by removing one 
or more of the thin shims or liners ordinarily used to separate the bearing 
caps from the seat. These are shown at Eig. 863. Care must he taken that 
an even number of shims of the same thickness are removed from each 
side of the journal. Shims are not used in a\ iation engines as much as they 
are in automobile motors and m most eases the brasses must be replaced 
with new when wann. 11 there is considerable lost motion after one or two 
shims have been removed, it will be advisable to take out more slums and 
to scrape the bearing to a fit before the bearing cap is tightened up. It may 
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Fig. 863. — Tools and Processes Used in Refitting Engirie Bearings. 
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be necessary to clean up the crankshaft journals as these may be scored 
due to not having received clean oil or having had bearings seize upon 
them. It is not difficult to true up the crankpins or main journals if the 
score marks are not deep. A fine file and emery cloth may be used, or a 
lapping tool such as depicted at Fig. 8* >3 B. The latter is preferable be- 
cause the file and emery cloth will only tend to smooth the surface \v hile 
the lap will have the effect of restoring the crank to proper contour. A 
badly grooved shaft can only be restored properly bv the use of a special 
crankshaft grinding machine, but minor grooves can be removed by careful 
lapping. Grinding is the only process to restore out-of-round crankpins or 
main journals. 

A lapping tool may be easily made, as shown at B, the blocks being 
of lead or hard wood. As the width of these are about half that of the 
crankpin the tool may be worked from side to side as it is rotated. An 
abrasive paste composed of fine emery powder and oil is placed between 
the blocks, and the blocks are firmly clamped to the crankpin. As the lead 
blocks bed down, the wing nut should be tightened to insure that the 
abrasive will be held with some degree of pressure against the shaft. A 
liberal supply of new abrading- material is placed between the lapping 
blocks and crankshaft from time to time and the old mixture cleaned off 
with gasoline. It is necessary to maintain a side to side movement of the 
lapping tool in order to have the process affect the whole width of the 
crankpin equally. The lapping is continued until a smooth surface is ob- 
tained. If a crankpin is worn out of true to any extent the only method of 
restoring it is to have it ground down to proper circular form by a com- 
petent mechanic having the necessary machine tools to carry on the work 
accurately. A crankpin truing tool that mav be worked by hand is shown 
at Fig. 187 K, this being suited for crankpins that are not hardened or made 
of hard alloy steels. It shaves off the metal of the high spots, the amount 
of cut being adjustable by screwing the cutter in or out. 

After the crankshaft is trued the next operation is to fit it to the main 
bearings or rather to scrape these members to fit the shaft journal. In 
order to bring the brasses closer together, it may be necessary to remove 
a little metal from the edges of the caps to compensate for the lost motion. 
A very simple way of doing this is shown at Fig. 8o3 D. A piece of medium 
emery cloth is rested on the surface plate and the box or brass is pushed 
back and forth over that member by hand, the amount of pressure and 
rapidity of movement being determined by the amount of metal it is 
necessary to remove. This is better than filing, because the edges will be 
flat and there will be no tendency for the bearing caps to rock when placed 
against the bearing seat. It is important to take enough off the edges of 
the boxes to insure that they will grip the crank tightly. The outer diameter 
must be checked with a pair of calipers during this operation to make sure 
that the surfaces remain parallel. Otherwise, the bearing brasses will only 
grip at one end and with such insufficient support they will quickly work 
loose, both in the bearing seat and bearing cap. 

Scraping Brasses to Fit.— To insure that the bearing brasses will be a 
good fit on the trued-up crankpins or crankshaft journals, they must be 
scraped to fit the various crankshaft journals. The process of scraping, 
while a tedious one, is not difficult, requiring only patience and some degree 
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of care to do a good job. The surface of the crankpin is smeared with Prus- 
sian blue pigment which is spread c\enlv over the entire surface. The 
bearings are then clamped together in the usual manner with the proper 
bolts, and the crankshaft revolved several times to indicate the high spots 
on the bearing cap At the start of the process of scraping in, the bearing 
may seat only at a few points as shown at Fig 863 G Continued scraping 
will bring the bearing surface as indicated at H, which is a considerable 
improvement, while the process may be considered complete when the brass 
indicates a bearing all over as at I. The high spots are indicated by blue, 
as where the shaft does not bear on the bearing there is no color. The 
high spots are removed by means of a scraping tool of the form shown 
at Fig. 863 F, which is easily made from a worn-out fde. These are forged 
to shape and ground hollow as indicated in the section, and are kept 
properly sharpened by frequent rubbing on an ordinary oil stone. To scrape 
properly, the edge of the scraper must be very keen. The straight and 
curved half-round scrapers, shown at M and N, are used for bearings. The 
three-cornered scraper, outlined at O, is also used on curved surfaces, and 
is of value in rounding off sharp corners The straight or curved half-round 
type works well on soft-bearing metals, such as babbitt, or white brass, 
but on yellow brass or bronze it cuts very slowly, and as soon as the edge 
becomes dull considerable pressure is needed to remove any metal, this 
calling for frequent sharpening. 

When correcting errors on flat or curved surfaces by hand-scraping, it 
is desirable, of course, to obtain an evenly spotted bearing with as little 
scraping as possible. When the part to be scraped is first applied to the 
surface-plate, or to a journal in the case of a bearing, three or four “high” 
spots may be indicated by the marking material The time required to re- 
duce these high spots and obtain a bearing that is distributed over the 
entire surface depends largely upon the way the scraping is started. If the 
first bearing marks indicate a decided rise in the surface, much time can 
be saved by scraping larger areas than are covered by the bearing marks; 
this is especially true of large shaft and engine bearings, etc. An experi- 
enced workman will not only remove the heavy marks, but also reduce a 
larger area; then, when the bearing is tested again, the marks will gener- 
ally be distributed somewhat. If the heavy marks which usually appear 
at first arc simply removed by light scraping, these “point hearings” are 
gradually enlarged, but a much longer time will be required to distribute 
them. 

The number of times the bearing must be applied to the journal for test- 
ing is important, especially when the box or bearing is large and not easily 
handled. The time required to distribute the bearing marks evenly depends 
largely upon one's judgment in “reading" these marks. In the early stages 
of the scraping operation, the marks should be used partly as a guide for 
showing the high areas, and instead of merely scraping the marked spot 
the surface surrounding it should also be reduced, unless it is evident that 
the unevenness is local. The idea should be to obtain fiyst a few large but 
generally distributed marks; then an evenly and finely spotted surface can 
be produced quite easily. 
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In fitting brasses when these are of the removable type, two methods 
may be used. The upper half of the engine base may be inverted on a 
suitable bench or stand and the boxes fitted by placing the crankshaft in 
position, clamping down one bearing cap at a time and fitting each bearing 
in succession until they bed equally. From that time on the bearings should 
be fitted at the same time so the shaft will be parallel with the bottom of 
the cylinders. Considerable time and handling of the heavy crankshaft 
may be saved if a preliminary fitting of the bearing brasses is made by 
clamping them together with a carpenter’s wood clamp as shown at Fig. 
863 J, and leaving the crankshaft attached to the bench as shown at C\ The 
brasses are revoked around the crankshaft journal and are scraped to fit 
wherever high spots are indicated until they begin to seat fairly. When 
the brasses assume a finished appearance the final scraping should be car- 
ried on with all bearings in place and revoking the crankshaft to determine 
the area of the seating When the brasses are properly fitted they will not 
only show a full bearing surface, but the shaft will not turn unduly hard if 
revolved with a moderate amount of level age. 

Bearings of white metal or babbitt can be fitted tighter than those of 
bronze, and care must be observed in supplying lubricant as considerably 
more than the usual amount is needed until the bearings are run in by 
several hours of test block work. Before the scraping process is started 
it is well to cluscl an oil groove in the bearing as shown at Fig. 863 
L. Grooves are \ erv helpful in injuring uniform distribution of oil 
over the entire width of bearing- and at the same time act as reservoirs to 
retain a suppk of oil but i!k\ must be cut in with considerable judgment. 
The tool used is a round-nosed clnsel, the effort being made to cut the 
grooves of uniform depth and having smooth sides. Care should be taken 
not to cut the grooves too deeply or make them too long as this will seri- 
ously reduce the strength of the bearing bushing. The shape of the groove 
ordinarily provided is clearly shown at Fig. 863 G, and it will be observed 
that the grooves do not extend clear to the edge of t lie bearing, but stop 
about a quarter of an inch from that point. The hole through which the 
oil is supplied to the bearing is usually drilled in such a way that it will 
communicate with the groove. The designers of some modern engines do 
not provide an\ grooves at all, others very short grooves. A safe rule to 
follow in grooving is to duplicate those provided in the original bearings. 

The tool shown at Fig. 863 K, is of recent development, and is known as 
a ‘‘crankshaft equalizer.” Tins is a hand-operated turning tool, carrying 
cutters which are intended to smooth down scored crankpins without using 
a lathe. The feed mav be adjusted by suitable screws and the device may 
be fitted to crankpins and shaft-journals of different diameters by other 
adjusting screws. This device is not bard to operate, being merely clamped 
around the crankshaft in the same manner as the lapping tool previously 
described, and after it has been properly adjusted it is turned around by the 
levers provided for the purpose, the continuous rotary motion removing 
the metal just as a lathe tool would. While it lias been devised for auto- 
mobile motors, it may be used on aviation crankshafts where the metal is 
soft enough to permit its use. 

Remetaling Babbitt Bearings. — -The operation of remetaling babbitt 
bearings is by no means a simple one; each step must be well understood 
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and properly performed to obtain the best results. Experience has shown 
that a perfectly pood babbitt can be made practically worthless for bearings 
by allowing it to become too hot, also by pouring when too hot or too cold, 
yet sufficient attention is not given in many instances to the proper han- 
dling of the babbitt in melting and applying it to the bearing according to 
Mr. E. Andrews, writing on this subject in Power. 

To renew babbitt bearings effectively, it is necessary to remove all the 
old lining from the shell by heating, preferably in a pot of molten scrap 
babbitt kept at a temperature of about 675 degrees Fahrenheit, immedi- 
ately the old lining is melted out, swab the bearing surface with zinc chlo- 
ride and then dip the shell into a pot of molten “half-and-half” solder, which 
should be kept at a temperature not less than 625 and not more than 675 
degrees Fahrenheit. Habbitt metal should not be used for tinning because 
it has a much higher melting point, which makes it difficult to maintain 
a molten film on the bearing surfaces. The shell should be left in the 
molten solder until it is just hot enough for the solder to run off freely, 
leaving a thin coating on the surface. The above applies to steel or bronze 
shells and not to any construction where white metal is poured directly 
into Dural or other aluminum alloy caps or connecting rod big ends. In 
such cases, anchorage holes must be drilled into the alloy to hold the 
babbitt. 

Occasionally, it is found when a bearing lining has been melted out, 
that the surface contains black spots or streaks; these should be removed 
by scraping or filing before tinning the shell. When the bearing sur- 
face is properly cleaned, cover the parts not to be tinned AVith claywash or 
a thin mixture of graphite and water. Swab the hearing surfaces with the 
zinc chloride and then tin the shell by immersing in the molten solder. 
The best material for wiping the shell bearing surface is closely woven 
cotton fabric that is free from nap. Ordinary cotton waste is unsatis- 
factory, as it tends to leave strands upon the tinned surface, which are 
difficult to remove. The bearing to be babbitted should be done immedi- 
ately" after it has been tinned before losing the heat given to it during the 
latter process. 

Dealing now with the babbitt metal itself, care must be taken not to 
overheat it during the melting operation, as an overheated babbitt is more 
or less brittle. The correct temperature is from 850 to 875 degrees Fah- 
renheit. It is necessary that this temperature be maintained when pouring 
the metal and that the higher temperature be not exceeded. Ik-fore pouring, 
the molten metal must be thoroughly stirred, preferably with a stick of 
wood; otherwise the heavy metals will settle at the bottom of the pot. To 
prevent oxidation of the molten metal, cover it with a thin layer of pow- 
dered charcoal. A rough approximation that the babbitt metal is hot enough 
to pour is that point where the stick chars and just bursts into flame. 

Wherever practicable the bearing shell should be in a vertical position 
while pouring. The bearing should be mounled in a jig and both heated 
until the tinning on the inner surface just begins to run. Four from the 
ladle in a steady stream directly down along the heated mandrel to avoid 
pocketing of air or splashing. A well-designed ladle for the job is one 
having a rounded spout to enable the babbitt to be poured in a round and 
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smooth stream. If the lip of an ordinary ladle is used with rough burrs 
or other surface irregularities, the metal is splashed up against the mandrel, 
which tends to produce porous surfaces or blowholes. Properly remetaled 
bearings should ring when struck lightly with a hammer; if they do not, 
it indicates that the babbitt metal has not adhered thoroughly or that the 
bearing is cracked. Only the highest grade nickel babbitt metal should be 
used in aviation engines. The ordinary grades suited for machinery 
bearings is not suited for engines. 

There is a tendency among a good many mechanics to cut a lot of 
grooves in a bearing on the assumption that the more grooves there are, 
the more lubrication the bearing gets and the less likely it is to heat. Then 
there seems to be a tendency among other mechanics with an artistic tem- 
perament, to cut the grooves in fanciful designs. Grooving should be done 
with the utmost economy because, at its best, a groove is a necessary evil. 
Every groove cut in a bearing means so much less surface area and weakens 
the bearing to that extent. The edges should be rounded off, otherwise 
the sharp edges are likely to wipe off the oil and cause the bearing to heat. 
After a period of use it is well to examine the bearing to see whether the 
wear on the babbitt has again sharpened the edges of the grooves or closed 
them. In sectional hearings the inside edges should Ik* grooved away where the 
sections meet. Improper groo\ mg may entirely change the pressure 
lubricating system and it is a good rule to observe the grooving provided 
by the eng-ine builder and this should be followed even if it does not agree 
with the notions or previous experience of the mechanic doing the work. 
The mandrels used m babbit! pouring jig r s are always smaller than the 
shaft the brasses are to fit and the bearing must be fitted by boring, line 
reaming or hand scraping to lit and sometimes by the three processes, one 
following the other in the order named, the final fitting being by very light 
hand scraping to remove high spots, though boring and line reaming usually 
leaves a good enough finish if carefully done so the final polish is given 
by the running in process. 

Fitting Bearings by Boring. — Before inserting bearing halves in the 
crankcase bores, particular tare should be taken to see that everything is 
clean and that no chips or burrs on bearings are allowed to. get in between 
the bore and the outside of the bearing halves, which should be forced into 
the bores as lightly as possible. Jt should be borne m mind that the dif- 
ference betwec'ii fitting hearings into a new' and an old crankcase is a vast 
one. The bores in a new crankcase are round and true, while in an old 
one it is difficult to determine what shape they are in. It should also be 
remembered that the builder of the engine had a manufacturing tolerance 
in machining the bores of the crankcase and the bearing manufacturer must 
also have tolerance on the outside diameter of the bearings. For example, 
if the crankcase bore should happen to be 0.002 inch over standard and the 
outside diameter of the hearing should be 0 002 inch minus standard, the 
bearing would then come in contact with the bore only at the very bottom, 
leaving an opening of 0.002 inch at each side of the bearing at the top. 
Should the conditions be reversed, that is, the crankcase bore be under 
standard and the outside diameter of the bearing over standard, the bear- 
ing would touch on the sides at the top, leaving an opening at the bottom 
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of the bore. In either case the bearing would soon work loose and give 
trouble. Not only the manufacturers’ tolerances are to be considered, but 
also the wear and war page of the crankcase bore, and to compensate for 
these inaccuracies, it is of the utmost importance that the bearing halves 
be left 0.002 to 0.002 inch above the crankcase and the cap faces, so that 
when bolting the cap on the crankcase the faces of the bearing halves will 
meet before the faces of the cap and the crankcase, thus giving the bearings 
what is known as a “drive fit,” similar to that of a connecting-rod pin- 
bushing. The fitting of bearings into the crankcase should never be at- 
tempted before the block, or blocks, have first been bolted on the case. 



Fig. 864. — Special Jig for Aligning Connecting Rods of Curtiss OX Series Motors 

Can be Used for Other Rods Within its Capacity by Using Suitable Mandrels. 

'This brings the crankcase bores into permanent alignment w ith the cylin- 
der base and, unless the cylinders and the crankcases are thus assembled 
before fitting the bearings, no assurance of accuracy is possible. 

Having properly fitted the bearings into the crankcase, they should be 
carefully removed, the bearing fixture clamped on the crankcase and the 
boring tools located from the bores. This operation has been described in 
the chapter on overhauling Curtiss 1)12 engines. The bearings can then be 
replaced in the crankcase and bored to the si/e of the crankshaft, plus 0.001 
inch per inch of diameter for an oil-film. Thrust bearings in the crankcase 
should next be fitted and as much care should be exercised in securing 
squareness of the face of the thrusts as in securing accuracy of the diam- 
eter of the bearing bore, llefore removing the bearing caps after boring 
and to insure absolute accuracy and umfomity in the resetting of the caps, 
when putting in the crankshaft, it is recommended that each nut be care- 
fully marked in relation to its stud and that they be brought to exactly the 
same relation in the final assembly. 

The same boring method is used in fitting the connecting-rod bearings. 
Piston-pins should be fitted in the connecting rods before the bearings are 
fitted, and the squareness and twist of the rods checked-up both before 
and after the boring of the bearings by special fixtures as shown at Fig. 
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864. This shows a jig adapted for OX engine rods hut it can be used for 
others by employing proper mandrels. Sides of the bearings require as 
much care as the face, as excessive end clearance on the connecting-rod 
bearing reduces oil pressure and prevents an even distribution of lubricant 
throughout the engine. 'Too much clearance will also soon result in a 
noisy engine, caused by the connecting rod sliding back and forth on the 
pins and striking against the sides of the crankshaft and also the piston pin 
boss. 
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-Method of Assembling Main Bearings 


Fig. 865. — Roller Bearings Used on Napier “Lion” Engine Crankshaft and How Inter- 
mediate Bearings May be Removed Over Crankwebs. 

Assembling Main Roller Type Bearings to Crankshaft. — In fitting Nos. 
two, three and four bearings on Napier-Lion engines, the split bushes are 
first prepared anfl fitted, together with the keys for the keyed half of the 
bush. In order to ensure a satisfactory fit for the bearing when assembled 
a certain amount of selection of both bearings and split bushes is recoin- 
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mended where circumstances permit normally a hush or tap limit of thick- 
ness is used with a journal on low limit of diameter and vice versa. The 
sharp corners of the hushes must he radmsed and a good lead given to 
the leading edge of the hore of the hush, the chamfer at each end of the 
brush being well blended into the bore. 'The leading edge of each hearing 
journal, i.c. t leading relative to the split hush when fitting must be 
given a slight radius to blend to the crankweb. Jt may be found that the 
ends of the split bushes foul on the webs where they blend to the journals. 
If this is so a small depression may be filled in the web, using a round or 
half round, file of small size, removing just enough metal to allow the bush 
to pass freely with its bore parallel to and in contact with the journal. 
If this is not done, the bush will enter the bearing at an angle, and if driven 
home will damage either the journal or hearings, or both. The hushes should 
now be tried on the bearings using marking to verify that they seat cor- 
rectly, particular attention being paid to the radii of the webs and cor- 
responding chamber on the split bushes. The keyed half of the split bush 
must be made a good push fit on the key assembling. 

It is recommended that the following secpience be followed in assembling 
the bearings on the crankshaft : 

1. Fit No. 5, i.e., front main bearing. The inner race is heated in oil at 
100 degrees Centigrade and then placed in position oil the shaft, care 
being taken that the chamfer in the bore of the inner race coincides with 
the radius on the web. A certain amount of selection may be necesary 
here in order to get the most satisfactory fit. The rollers are then assem- 
bled on the inner race, being held in position by means of a narrow belt of 
leather, or other suitable material, and the outer race fitted. There should 
be not less than .002 inch diametric clearance between rollers and outer 
race. 

2. Fit oil thrower to pinion putting setscrew s loosely in position. It may 
be found necessary to case the bore of the thrower slightly by means of a 
scraper. JMacc kevs in position on shaft and assemble pinion with nut and 
locking washer. The nut is driven up with a spanner and lead hammer 
until the distance between the shoulder on No. 4 crank throw front web 
and the rear face of the pinion boss is approximately 1.175 inches. The nut 
is left in such a position that the tab of the locking washer is central on 
one of the flats. 

Tighten up oil-thrower setscrews until the thrower is firmly held 
against the face of the inner race of No. 5 bearing, the screws being locked 
either by means of a single length of Vic. hich diameter mild steel wire, 
threaded through both screws or in the Series 5 type by means of the 
spring and locking plate. 

3. The remaining main hearings are next assembled in the sequence 
4, 3, 2, 1. Before assembly, it is advisable to check the diametric clearance 
between the rollers and the outer race, and in the case of Nos. 4, 3 and 2 
bearings, this must not be less than .0025 inch. 

When checking the clearance, the complete hearing should be rested 
on a smooth plane surface, e.g., a surface plate. The beariiigs are assembled 
complete and carefully threaded on to No. 2 crankpin in turn. To thread 
the bearing on to No. 3 journal, allow th6 outer race to move backwards 
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until the rollers protrude approximately one-third of their length from the 
race. It will then he found that the bearing will pass easily over the next 
crankweb. In passing from No. 3 journal to No. 3 crankpin, the outer 
race must he pushed forward a similar amount, when it will again he found 
to pass freely over the web. Care must he taken not to shed the rollers dur- 
ing this operation which is shown at Fig. 865. 

Having taken No. 4 hearing to its journal, the split hushes must he put 
in position. First smear a little clean grease on the journal and split hushes 
before assembly. Every precaution must he taken to ensure the strictest 
cleanliness of the components. The plain half of the hush is threaded in 
from the rear side, and passed round opposite the key, raising the hearing 
with one hand while doing so. This half should he so positioned that, 
when the keyed half is assembled, the gap between the two is approximately 
equal at each end ; any alteration in the spacing, indicating movement of the 
plain half of the hush, will then readily he noticeable. To judge the gap, 
the keyed half is laid on the journal with the keyway in line with the 
kev, and the plain half moved round into correct position. Should any 
difficulty he experienced in this, before commencing the assembly of the 
hearings the keyed half of each hush may he pressed home on the journal 
with the key in position and a line scrived at each end of the hush. These 
lines are then used as guides for the location of the plain half of the hush 
on assembly. 

The keyed half of the hush is now entered, tapping lightly with a ham- 
mer until it is gripped, care being taken that the key way is in line with the 
key. The hush is now lightly driven home with a brass drift, taking up 
each end alternately a small amount until the hush is right home. The drift 
must be used on the solid fart of the bush only and not on the thin flange. 
The hush must he driven in until the flange bears evenly all round the 
inner race. 

If, in fitting, a hush appears to require undue force to drive it in, it 
should he removed and a hush on the lowest limit of thickness fitted. A 
guide to the correct tightness of fit is given by the diametric clearance 
between the rollers and the outer race of the hearing. The fit is correct 
if this is reduced by about .0005 inch, when the hush is right home. If 
less, the hush is too slack ; if more, too tight. Where a journal is on top 
limit of diameter, a little selection of both hearing and split bush may he 
necessary 

The procedure in fitting Nos. 3 and 2 hearings is the same as that for 
No 4, described aho\ e, except that in the case of No. 3, it is necessary, 
during the driving up of the keyed half of the hush, lightly to drive the 
inner race towards the rear end of the shaft at intervals, in order that it 
seats on the flange of the plain half of the split hush. 

To Fit No. 1 Bearing. — The inner race is heated in oil at 100 degrees 
Centigrade and placed in position on the shaft. The rollers are assembled 
in the outer race. dr\ , and the whole assembled on the inner race. It will 
he found that if care is taken the outer race can he turned into the vertical 
position for assembly on the inner race without shedding the rollers. The 
nut and tabwasher are next put on, taking the nut up hard with a spanner 
and lead hammer. It should be so arranged that the tab of the washer is 
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central on one of the flats of the nuts. Since the bearing pulls up on a web 
of the crankshaft it may be necessary to choose a nut by selection, or, 
alternatively face down the nut until it will come into the required posi- 
tion. If the nut and locking washer are fitted so that, when the nut is 
taken up tight with the spanner alone, the tab of the washer lies evenly 
across one corner of the nut it will be found that the nut will be tightened 
up to the correct amount when it is hammered up so that the tab falls in 
the middle of the next flat. This should be used as a guide in fitting. 

The setscrews for the split bushes for Nos. 2, 3 and 4 bearings are locked 
in position by means of split pins. A split pin one inch in length is used, 
one leg lying straight along the side of the split bush, and the other being 
bent back to lie along the bush in the opposite direction, the hole in the 
setscrew lying parallel to the face of the bush. 



Fig. 866. — Special Puller Used in Removing Number One or Rear Bearing from 
Napier “Lion” Engine Crankshaft. 

Oil Retaining Plugs. — -These are lapped into their respective seatings 
in the crankshaft, using a fairly fine carborundum grinding paste. It is 
essential that the lapping be carried on until a good seating is obtained, 
otherwise difficulty will he experienced in making the plugs oil-tight tinder 
pressure. Having done this the plugs and holt are assembled complete 
with both steel and copper washers, and the hole for the split pin lor the 
nut marked off. Before final assembly the hole for the split pin is drilled 
and the thread of the bolt tinned, using soft solder. After tinning, a die is 
run down the thread approximately two turns beyond the split pin hole to 
remove the surplus tinning. The copper washers must he carefully an- 
nealed before assembly. No jointing material is used on the plugs in final 
assembly. A copper washer is placed next to each plug wilh the steel 
washer outside of this. The nuts are taken up reasonably tight, and the 
oil holes in the crankpius and front plain bearing journal are plugged with 
soft copper plugs — copper rivets are suitable for this purpose. Test the 
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oilways and plug’s to 100 pounds per square inch pressure, using paraffin 
with a small proportion of lubricating ml. There should be no leakage at 
all from the plugs at tins pressure. When the plugs are oil- tight the split 
pins ma} r be put into position and the nut-* locked. The crankshaft front 
end bolt is not lapped to its sealings, but the threads of the bolt must be 
tinned before assembly. 'The nut is locked by burring over the protruding 
end of the bolt into one of the castellations on the nut, alter oil testing. 
Special spanners are provided in the standard tool kit for both the nut and 
the bolt. 

Any plugs which have been removed from a crankshaft must be ex- 
amined carefully for distortion and cracks. They should be lightly lapped 
to crankshaft before re-assembly. 

Dismantling Roller Bearing Crankshaft. — 'The rear main bearing should 
be removed first, followed by Nos. 2, 3 and 4 bearings. The crankshaft 
pinion is then drawn off the shaft and No. 5 bearing removed. If the crank- 
shaft has run for any considerable length of time it is essential that all oil 
retaining plugs be removed and oilways cleaned out. In any event, the 
crankshaft should always be thorough!) cleaned out when the engine is 
being overhauled. A suitable form of extractor for the crankshaft pinion 
is supplied in the tool kit. 

A tool recommended for use in removing Nos. 1 and 5 bearings is shown 
in Fig. 866. It may be improvised from a short length of heavy walled tube 
having a stout plate welded on one end. The internal diameter of the tube 
should be approximately 3) j inches. A part of the wall is cut away as 
shown, sufficient to permit of its being passed o\ er the crankweb. The bolt 
should be made from a hexagonal bar, the end being turned to suit a false 
center which must be provided to fit in the crankshaft recesses. In use, 
the cup is placed over the end of the crankweb with its rim bearing on the 
face of the inner race of the bearing to be removed, the bolt being towards 
the center of the crankshaft. The thrust of the bolt is taken by the false 
center which is placed in the recess immediately behind the bolt. 

To remove the split bushes from Nos. 2, 3 and 4 bearings it is recom- 
mended that two special drifts be made up from steel bar. These are 
tapered, or reduced at one end, to a rectangular section, and are used as 
indicated at Fig. 86 7 which shows the operation clearly. Those for Nos. 
2 and 4 bearings being approximately V? inch by y > « inch, and that for No. 
3, j /2 inch by ] /\ inch. This latter conveniently may have a small lip on the 
lower edge to go under the split bush while driving it out. The drifts 
should be given a slight bend at a point about two inches from the reduced 
end, so that the hand will clear the crankshaft in use. The bushes of Nos. 
2 and 4 bearings must be driven at each end alternately, but the keyed 
half of No. 3 bearing bush may be driven out easily over its whole length. 
Having removed the keyed half of each split bush, the plain half is worked 
round and removed.’ The bearings are then threaded off to the rear, the 
method being similar to that employed in assembly. 

Where Nos. 2, 3 and 4 main bearing journals are vcorn, but not badly 
so, standard split # lmshes, slightly small in the bore, may be used to give the 
necessary tightness of fit. If the wear exceeds .002 inch/.003 inch it is 
recommended that the journals he ground either to .005 inch or .010 inch 
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undersize, and special split bushes fitted. No journal should be ground 
more than .020 inch undersize. Jf Nos. 1 and 5 main bearing journals are 
more than .000.* { inch undersize, it is necessary either to grind them down 
approximately .1X)5 inch below size, and metal deposit them, re-grinding 
to standard size, or to lit a new race, undersize in the bore. 

In all cases where possible crankpms should be lapped to clean up any 
irregularities of surface rather than re-ground. In the case, however, of 
badly scored crankpins, where the crankshaft is reasonably true, grinding 
may be resorted to, but it is pointed out that, in the majority of cases, 
grinding unnecessarily reduces the life of the shaft. In no case should a 



Fig. 867. — Method of Driving Out Split Spacing Bushings from Inner Races of Inter- 
mediate Bearings Used in Supporting Napier “Lion’* Engine Crankshaft. 

crankpin be reduced to more than .020 inch below size. The foregoing re- 
marks apply equally to the front plain bearing journal. If the split bushes 
show signs of the inner race of the bearing having been creeping, they 
should be renewed, fitting slightly thicker bushes if necessary. 

Applying and Removing Anti-Friction Bearings. — Whenever an anti- 
friction bearing of either the ball or roller type having hardened raceways is 
installed or removed certain precautions must be observed to prevent damaging 
the hearing. The force to move the bearing is applied directly against the 
member which is a force lit on the shaft. When any form of hub or bearing 
puller fails to start the member to which it is applied by a direct pull, its action 
may he accelerated after the screw has been tightened sufficiently to place the 
parts under a certain initial tension, by a few sharp, well directed hammer 
blows on the beam or main body of the device. 
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In all cases where possible, the pressure applied to remove a bearing or part 
should be exerted directly against the portion that is a tight fit on the shaft 
or in the housing. In most cases it is the inner member of the bearing that 
is a force or press fit on the shaft, the outer race member is usually a push fit 
in the housing and may be more easily removed. 1 f it is necessary to force 
the bearing off with a series of blows, always use a brass, aluminum or hard 
babbitt metal bar or drift between the bearing and hammer, or even a piece of 
hard maple, hemlock or oak. Wood is not as good as metal because chips or 
splinters may get into the bearing. Even when metal is used great care should 
be taken to eliminate the possibility of metal particles getting into the bearing, 
especially when installing. 
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Fig. 867 A. — Simple Tools for Ball-Bearing Installation and Removal. 

Do not direct all the blows at any one point on bearing as this tends to 
cramp it and will make it harder to drive olT. Distribute them evenly around 
the entire circumference, always having successive blows at points diametrically 
opposite. When driving bearings in place, it is always best to use some form 
of soft metal yoke member or a tubular section piece. With either the yoke 
or the other tubular form the hammer blows are distributed evenly and the 
bearing is driven in place without injury to either shaft or bearing components. 
When a double fork member is used, one end can be made to drive against 
the inner race member while the other can be spread enough to fit the outer 
race if desired. 

The method of driving an inner race in place shown at b ig. 8h7 A, is recom- 
mended by authorities on ball bearing installation. This is a cast brass tubular 
member proportioned about as shown. Aluminum or any other relatively soft 
material will answer in place of the brass. It is possible in many cases to make 
very satisfactory bearing installing members of standard brass pipe. Most ball 
bearings have the size number stamped on the side of the inner race. When 
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installing hearings of the loading groove type always place the unnumbered 
side on first when driving in place. The tool shown at B, is recommended 
for removing hearings. The essential point to observe is to exert a steady, 
uniformly distributed pull on the hack side of the inner race in pulling that 
member off the shaft, instead of against the outer race and the halls. The 
method of operation is very simple, the inner split ring A is placed hack of 
the inner race X. The split ring is held together by a solid outer ring B placed 
on its circumference having hole** for the straddle holts 1), directly over the joints 
in ring A. The outer ring J> is connected to the cross bar E by the two straddle 
bolts D. Cross bar E is supported by the set screw F entering the shaft center 
hole and the bearing is easily withdrawn from the shaft bv applying a wrench 
to the set screw. 
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Fig. 867B. — Sectional View of Armstrong-Sidddley Genet Engine Showing Roller 

Bearing Crankshaft. 


Til taking tip lost motion when any type of adjustable bearing is employed, 
Considerable judgment must be exercised in screwing tip on the adjusting mem- 
ber not to get this up too lightly and impose an injurious end pressure on the 
balls or rollers. An excess pressure that will stress the bearing parts dan- 
gerously will not make much difference in the resistance when turned by hand, 
though when the load or weight must be sustained at high speeds the resistance 
will be increased materially and bearing endurance reduced in proportion. A 
safe rule to follow is to take up the wear by screwing in the adjustment nut 
enough so the “shake” or looseness will be eliminated and yet permit the part 
supported by the bearing to “spin” for a few revolutions vvhpn given an initial 
impulse. Many inexperienced mechanics commit the error of adjusting bearings 
of the “take up” type too loosely. This is not desirable, any more than fitting 
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parts too tightly together is. Always lock any adjustment nut firmly in place 
when proper adjustment has been secured 

In some cases the bearings are shim adjusted. A number of thin washers 
of sheet hi ass may be interposed between the bearing cup and the % retainer cap. 
When taking down an assembly of tins nature always keep the slums from any 
bearing box together and tagged for future identification to insure that the ad- 
justment made in the factory will be maintained after re-assembly in the repair 
shop. If the bearings are loose for any reason, add thin shims about .005-inch 
thick to the others, until there is no appreciable lost motion and yet no binding 
between bearing parts. 



Fig. 868. — Showing Points to Observe When Fitting Connecting Rod Brasses. 

Fitting Connecting Rods — In the marine type rod, which is the form 
generally used in airplane engines, one or two bolts are employed at each 
side and the cap must be removed entirely before the bearing can be taken 
off of the crankpin. The tightness of the brasses around the crankpin can 
never be determined solely by the adjustment of the bolts, as while it is 
important that these should be drawn up as tightly as possible, the bearing 
should lit the shaft without undue binding, e\ en if the brasses must be 
scraped to insure a proper fit. As is true of the main bearings, the hori- 
zontally split cap form of connecting rod in some engines has a number of 
liners or shims interposed between the top and lower portions of the rod 
end, and these may be reduced in number when necessary to bring the 
brasses closer together. The general tendency in airplane engines is to 
eliminate shims in either the main or connecting rod hearings, and when 
wear is noticed the boxes or liners are removed and new ones supplied 
though as aviation engines arc commercialized, it may be found advisable 
to use shims just as is done in automobile engine practice. The brasses are 
held in the connecting rod and cap by brass rivets or screws and are gen- 
erally attached in the main bearing by small brass machine screws. The 
form of box generally favored is a brass sand easting rich in copper to 
secure good heat conductivity which forms a hacking for a thin layer of 
white brass, babbitt or similar anti-friction metal though on bearings that 
are highly stressed, steel backs are used on various modern engines. 
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In fitting new brasses to connecting rods there are two conditions to be 
avoided, these being outlined at Fig. 868 B and C. In the case shown at C 
the light edges of the bushings arc in contact, but the connecting rod and 
its cap do not meet. When the retaining nuts arc tightened the entire 
strain is taken on the comparatively small area of the edges of the bushings 
which are not strong enough to withstand the strains existing and which 
flatten out quickly, permitting the bearing to run loose. In the example 
outlined at B the edges of the brasses do not touch when the connecting 
rod cap is drawn in place. This is not good practice, because the brasses 
may soon become loose in their retaining member. In the case outlined it 
is necessary to file off the faces of the rod and cap until these meet, and to 
insure contact of the edges of the brasses as well though the use of other 
and thicker brasses may entirely cure the trouble. This should be tried 
before the rod end or cap are filed. About the only time these must be 
brought closer together is when crankpins have been ground down to 
smaller size but the best and most mechanical way is to make up special 
brasses of greater thickness to fill the space. In event of the brasses com- 
ing together before the cap and rod make contact, as shown at C, the bear- 
ing halves should be reduced at the edges until both the caps and brasses 
meet against each other or the surfaces of the shims as shown at A. 

Sprung Camshaft. — If the camshaft is sprung or twisted it will alter the 
valve timing to such an extent that the smoothness of operation of the 
engine will be materially affected. If this condition is suspected the cam- 
shaft may be swung on lathe centers and turned to sec if it runs out. If 
so it can be straightened in any of the usual form of shaft-straightening 
machines. The shaft mav be twisted without being sprung. This 
can only be determined by supporting one end of the shaft in an index 
head and the other end on a milling machine center. The cams are then 
checked to see that they are separated by the proper degree of 
angularity. This process is one that requires a thorough knowledge of 
the valve timing of the engine in question, and is best done at the factory 
where the engine was made. The timing gears should also be examined 
to see if the teeth are worn enough so that considerable back lash or lost 
motion exists between them. This is especially important where bevel, 
worm or spiral gears are used. A worn timing gear not only produces noise, 
but it will cause the time of opening and closing of the engine valves to vary 
materially. 

Precautions in Re-assembling Parts. — When all of the essential compo- 
nents of a powerplant have been carefully looked over and cleaned and all 
defects eliminated, either by adjustment or replacement of worn portions, 
the motor should be re-assembled, taking care to have the parts occupy just 
the same relative positions they did before the motor was dismantled. As 
each part is added to the assemblage care should be taken to insure adequate 
lubrication of all new points of bearing by squirting liberal quantities of 
cylinder oil upon them with a hand oil can or syringe provided for the 
purpose. In adjusting the crankshaft bearings, tighten them one at a time 
and revolve the shafts each time tine of the bearing caps is set up to insure 
that the newly adjusted bearing does not have undue friction. All retaining 
keys and pins must be positively placed and it is good practice to cover 
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such a part with lubricant before replacing it because it will not only drive 
in easier, but the part may be removed more easily if necessary at some 
future time. If not oiled, rust collects around it. 

When a piece is held by more than one bolt or screw, especially if it is 
a casting of brittle material such as cast iron or aluminum, the fastening 
bolts should be tightened uniformly. If one bolt is tightened more than 
the rest it is liable to spring the casting enough to break it. Spring washers, 
check nuts, split pins or other locking means should always be provided, 
especially on parts which are in motion or subjected to heavy loads. 



Fig. 869. — Showing Use of Straightedge for Lining Up Individual Cylinders on Engine 
Base Before Tightening Down Flange Retention Nuts. 

Before placing the cylinder o\ or the piston it is imperative that the slots 
in the piston rings are spaced equidistant and that the piston is copiously 
oiled before the cylinder is slipped over it. Where the cylinders are indi- 
vidual members and not in block assemblies as in the Packard and Curtiss 
1)12 engines, before the cylinder retaining flange nuts are tightened down, 
the machined faces on the valve ports against which the manifolds seat 
should he carefully lined up 1>v using a steel straight-edge as shown at 
Fig. 869. When re-assemblmg the inlet and exhaust manifolds it is well 
to use only perfect packings or gaskets and to avoid the use of those that 
seem to have hardened up or llattened out too much in service. If it is 
necessary to use new gaskets it is imperative to employ these at all joints 
on a manifold, because if old and new gaskets are used together the new 
ones are apt to keep the manifold from bedding properly upon the used 
ones. It is well to coat the threads of all holts and screws subjected to 
heat, such as cylinder head and exhaust manifold retaining holts, with a 
mixture of graphite and oil. Those that enter the water jacket should be 
covered with white or red lead or pipe thread compound. Gaskets will hold 
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better if coated with shellac before the manifold or other parts are placed 
over them. The shellac fills any irregularities in the joint and assists 
materially in preventing leakage after the joint is made up and the coat- 
ing has a chance to set. 

Before assembling connecting rods on the shaft, it is necessary to fit 
the bearings by scraping, the same instructions given for restoring the 
contour of the main bearings applying just as well in this case. It is ap- 
parent that if the crankpins are not round no amount of scraping will insure 
a true bearing. A point to observe is to make sure that the heads of the 
bolts are imbedded solidh in their proper position, and that they arc not 
raised by am burrs or particles of dirt under the head which will flatten 
out after the engine has been run for a time and allow the bolts to slack 
off. Similarly, care should be taken that there is no foreign matter under 
the brasses and the box in which they seat. To guard against this the bolts 
should be struck with a hammer se\ eral times after they are tightened 
up, and the connecting rod can be hit sharply several times under the cap 
with a wooden mallet or lead hammer. It is important to fasten the brasses 
in place to prevent movement, as lubrication may be interfered with if the 
bushing turns round and breaks the correct register, between the oil hole 
in the cap and brasses. 

Care should be taken in screwing on the retaining nuts to insure that 
they will remain in place and not slack off. Spring washers should not be 
used on either connecting rod ends or main bearing nuts, because these 
sometimes snap in two pieces and leave the nut slack. The best method of 
locking is to use well-fitting split pins and castellated nuts. 

Testing Bearing Parallelism. — (t is not possible to give other than 
general directions regarding the proper degree of tightening for a con- 
necting-rod bearing, but as a guide to correct adjustment it may be said that 
if the connecting-rod cap is tightened sufficiently so the connecting rod 
will just about fall over from a vertical position due to the piston weight 
when the bolts are fully tightened up, the adjustment will be nearly correct. 
As previously stated, babbitt or white metal bearings can be set up more 
tightly than bronze, as the metal is softer and any high spots wull soon be 
leveled down with the running of the engine. It is important that care 
be taken to preserve parallelism of the wristpins and crankshafts while 
scraping in bearings. This can be determined in two ways. That shown 
at Fig. 870 A, may be used when the parts are not in the engine assembly 
and when the connecting-rod bearing is being fitted to a mandrel or arbor 
the same size as the crankpin. The arbor, which is finished very smooth 
and of uniform diameter, is placed in two Vee blocks, which in turn are 
supported by a level surface plate. An adjustable height gauge may be 
tried, first at one side of the w r nstpin which is placed at the upper end of the 
connecting rod, then at the other, and any variation will be easily deter- 
mined by the degree of tilling of the rod. A dial indicator may be used on 
the height gauge arm and as these nun be obtained calibrated in one-tenth 
of a thousandth of an inch (.(X)()1 inch) \ cry accurate determinations may 
be made. This test may be made with the w r ristpin alone, or if the piston 
is in place, a straight edge or spirit level may be employed. The spirit level 
will readily show any inclination while the straight edge is used in connec- 
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tion with the height gauge as indicated. Of course, the surface plate must 
he absolutely level when tests are made. "The special jig or fixture pre- 
viously desciihed and shown at big. St >4 is also \aluable in making sure 
connecting-] od hearings are parallel. Any bent rod should he straightened 
before it is placed in the engine 

When the connecting rods are being fitted with the crankshaft in place 
in crankcase, and that member secured in the frame, a steel square may be 
used as it is reasonable to assume that the wristpin, and consequent lv the 
piston it caiiics, should obserxe a true relation with the top of the engine 
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Pig. 870. — Methods of Testing to Insure Parallelism of Crankpins and Wristpins After 

Refitting. 

base. If the piston side is at right angles with the top of the engine base 
it is reasonable to assume that the wristpin and crankpin are parallel. If 
the piston is canted to one side or the other, it will indicate that the 
brasses have been scraped tapering, which would mean considerable heat- 
ing and undue friction if the pislon is installed in the cylinder on account 
of the pressure against one portion of the cylinder wall. If the degree of 
canting is not too great, the connecting rods may be sprung very slightly 
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to straighten up the piston, but this is a makeshift that is not advised. The 
height gauge method shown above may be used instead of the steel square, 
if desired, because the top of the crankcase is planed or milled true artd 
should be parallel with the center line of the crankshaft. 

Alignment is the secret of success in any automotive engine recondi- 
tioning* job and that this alignment must be complete with all parts of the 
engine, beginning at the cylinder, or crankcase base, we must have abso- 
lute squareness of the cylinder bores with this line and perfect parallelism 
of the crankshaft with the same line. Connecting-rod pins must be parallel 
with the main bearings. Connecting rods must be straight and square and 
the piston pins parallel with the crankshaft connecting-rod pins and also 
square with the sides of the pistons. If there is lack of alignment or of 
squareness at any of these points, trouble will soon develop and the life 
of the engine will be appreciably shortened. It is useless to attempt to com- 
pensate at one point for error at another. For example, if the connecting- 
rod pins on the crankshaft are n<>t parallel with the main bearings, the 
squareness of the connecting rods is useless because the connecting-rod pins 
on the crankshaft will throw them out of square. If the connecting rod is 
squared with the crankcase or the cylinder bore, the parallelism of the 
piston pin and the connecting-rod bearings is thrown out. All of these 
points must be gnen the very closest attention if trouble is to be avoided. 

Final Inspection of Engine after Overhaul. — It is recommended that in 
all cases after an engine has been overhauled a careful routine examination 
of the engine be carried out, and the following schedule is given for guid- 
ance bv the makers of the Napier-Lion engines though it is not necessarily 
final or complete and the procedure always depends on the design of the 
engine : 

1. Examine all bolts and nuts for' tightness and locking where neces- 
sary. 

2. Check camshaft gear setscrews for locking and camshaft for oil 
plugs in the appropriate shafts. 

3. Examine valve timing marks on timing gears ; magneto timing; 
timing and locking of gas starter distributor and val\ e clearances. Examine 
camshaft casings for presence of foreign matter. 

4. See that carburetor base plugs arc securely wired up. 

5. ( heck magneto bolts for tightness and see that locking wires are in 
position. 

6. Examine oil suction and drain connection union nuts. See that there 
is at least Vi inch clearance at back of lock nut from body of union, and 
that nuts are secure and locked by tabwashers. 

7. See that water pump gland and greaser are locked up. 

8. See that there is clearance between distributor covers and ignition 
advance levers on contact breaker cover. 

9. See that carburetor stays are bolted securely in position and that 
carburetor front water pipe is properly supported by clips. 

10. Check front oil pipe connections and union nuts for tightness and 

locking, and Vic, inch clearance behind nuts. * 

11. See that a loekwasher is fitted on front bearing oil pipe union. 

12. Check end play in hand turning gear worm shaft. Maximum .016 
inch. See that the hand turning throw out tumbler has correct travel, engages 
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correctly, and does not bind at any point. 

13. Examine magneto drive couplings, paving particular attention to 
the spring driving bars and securing bolts. 

14. Check magneto distributors for security of leads and check low- 
tension cable connections. Check angular movement of magneto controls 
and contact breaker covers. 

15. See that oil rebel valve is locked up. In the Series 2 type of valve 
the adjusting screw must not project more than ^<s inch. After test see 
that the valve is wired tip and, preferably, sealed 

16. Examine union nuts and locknuts on camshaft oil feed pipes for 
tightness. 

17. See that oil pressure gauge union is securely locked by means of 
tabwasher. 

18. Examine primer pipes for mechanical damage. 

19. Check all controls for travel and s\ nchroni/ation, and see that 
control levers conic on to stops. Magnetos should be fully advanced at full 
throttle opening. 

20. Check control rod adjusting screws and locknuts. See that all split 
pins and locknuts on controls are in position. 

21. Check end plav m control shafts The play in the rear cross shaft 
must be kept as low as possible, with 005 inch as maximum. The front 
cross shaft should have .008 inch/ 015 inch end play. 

22. See that all sparking plugs, and sparking plug hole blanking plugs 
where fitted, are secure in cylinders and that the copper asbestos washers 
are sound. 

23. Examine 11 T. leads and carriers. See that they are properly sup- 
ported, and that all terminal clips are secure. 

24. See that plug is fitted to airsetevv shaft bore. 

25. Test water system 1<» fifteen pounds per square inch water pressure. 

26. If engine is to be stored, see that dirt excluders are fitted to all 
open pipe unions and dust covers to carburetors. 

NOTE: — Tins i online should in all cisis he* repealed after an engine has completed its 

filial test, pnoi to installation or storage 

Test After Overhaul. — -The following is an outline of the procedure 
adopted at the Works m testing Napier engines. Where a test bed and 
variable torque brake are available, this procedure may with advantage be 
adopted as standard if any extensive overhaul of an engine has been carried 
out. 

Test Bench. — The engine bed is of cast iron, fixed on a concrete foun- 
dation. A Hccnan & Ermule brake is used, the engine being coupled to it 
by a double disc spring steel coupling. A water-cooled exhaust system, 
leading to a large silencer, is provided. Where considerations of noise 
make it imperative that a silencing arrangement be provided, the loss of 
power due to the exhaust system should in all cases be determined by 
actual experiment 

The fuel flow to each carburetor is measured on a Brown & Barlow 
Flowmeter, and oil consumption is measured by means of a gauge glass in 
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the oil tank, a known quantity of oil being poured into the tank and the 
time for this to be consumed noted. The oil temperature is regulated b) 
a controlled water supply passing through tubes in the oil tank. The 
cooling water for the engine is taken from a tank, the supply being con- 
trolled to give the correct running temperatures. An overflow is provided 
on the tank and an adequate supply of cold water is available for replen- 
ishing the tank if the water becomes overheated. 

Independent switches for each magneto are provided and the oil pres- 
sure gauge is duplicated. Provision is made for starting the engine by 
means of the hand starter gear. 

Running In. — Run the engine at a speed between 500 r p.m. and 800 
r.p.m., with a light brake load, for at least two hours. The engine is then 
run up to full throttle, 2,000 r p.m. and checked for power, balance of flow 
in carburetors, fuel consumption and ignition. The flow should balance 
to within 2)A pints per choke per hour. The percentage altitude control 
is taken and the balance of the carburetors at this point checked. The test 
is taken by opening the altitude control cock until the engine commences 
to blow back through the carburetors This is the maximum control ob- 
tainable at ground level with standard jets and should be approximately 
twenty per cent, the balance being limited to r+ 2'j pints per choke, as in 
the previous balance check. The maximum range of control may be 
checked by temporarily substituting larger jets as described in the two 
hours endurance test details. If necessary the final balance may be ob- 
tained by reaming the permanent air leak tube, but this should only be done 
after a change of diffuser has been tried. The ignition test consists of 
switching oflF each magneto alternately, with engine at 2,000 r.p m. full 
throttle, allowing fine minute to elapse, after cutting out a magneto, before 
taking a reading. Allow one minute between switching in first magneto 
and cutting out second magneto. The drop on either magneto should not 
exceed five per cent for the 5 8 to 1 compression ratio, and six per cent for 
the 5.0 to 1 compression ratio engines. 

Stress is laid upon the importance of accurately calibrating the jets 
within the limits laid down, i.e., 460 c/c ± 5 c/c main, and 220/100 c/c 
it- 5 c/c pilot, scries parallel tv pc jets, or in the case of series type jets. 
660 c/c hk 5 c/c main and 220/100 c/c t 5 c/c pilot, and also of checking 
the flow by removing the diffuser base plugs. The minimum flow for the 
single carburetor should be 05 pints per hour and for the double carbu- 
retor 205 pints per hour with a head of eighteen inches of petrol. 

Two Hours Test. — (1) Run the engine at Violh rated power, i.e., 405 
brake horsepower at 2,000 r.p.m , for 115 minutes. ( Roth the 5.0 to 1 and 
5.8 to 1 compression ratio engines are run at 405 brake horsepower for 
%nth power.) During this time : 

fa) Maintain oil pressure at 55 to 60 pounds per square inch at 
60 degrees Centigrade. 

(b) Maintain oil and water temperatures within the limits: 

Oil: 50 degrees to 60 degrees Centigrade at engine inlet. 

Water: 70 degrees to 80 degrees Centigrade at engine outlet. 

(c) Take fuel and oil consumptions. 

These should lie within the limits: 

Fuel : 25 ]/ 2 to 2 7/> gallons per hour for 5.8 to 1 compression. 
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28 to 30 gallons per hour for 5.0 to 1 compression. 

Oil: (1) With deep chamfer scraper rings: 3)/ to 9 pints per 

hour. 

(2) With old type scraper rings or oversize cylinders: six 
to t\vel\e pin ts per hour. 

(2) At the end of 115 minutes open to full throttle for five minutes, at 

2.000 r.p.ni. and during this time: 

(a) Take brake load and fuel consumption. 

Fuel limits: 

5.8 to 1 compression: 20 to 33 gallons per hour. 

5.0 to 1 compression: 20 to 33 gallons per hour. 

(b) Check altitude control and balance. 

A reduction of fuel consumption, as shown on the flowmeter, 
of approximately twenty per cent should be obtainable before 
serious blowing back through the carburetors occurs, with 
standard jets. For the test of maximum control special large 
jets, calibrated to 850 c/c, are fitted temporarily, the limits of 
control then being 35 per cent to 37 per cent. 

(c) Check magneto drop as previously described, taking a mean 
of three consecutive readings. Average figures for this are: 

(1) Running on inlet magneto only: 

5.8 to 1 compression: 80 r.p m. 

5.0 to 1 compression: 100 r.p.m. 

(2) Running on exhaust magneto only: 

5.8 to 1 compression : 45 r.p m. 

5.0 to 1 compression: 65 r.p m. 

(3) Carry out acceleration test. The engine must open up to normal 
speed from slow running in five seconds without excessive “poppmg” or 
rough running. 

(4) Fake power curve. Readings of airscrew shaft speed and brake 
load arc taken at steps of 100 r.p.m , at full throttle, from 2,200 r.p.m. to 
1,600 r.p.m. and up again, reducing speed b\ the brake. 

(5) Slow running test. The brake is left as set for running at 2,000 
r.p.m , %oth rated power, and the throttle closed to give the slowest steady 
running. This should he at a speed not exceeding 450 crankshaft r.p.m. 

On completion of the two-hour test, the engine is stripped and an exam- 
ination of all components carried out. Jf the replacement of any moving 
part is necessary a re-test of one hour is given. If a new major compo- 
nent or white metal big end hearing is fitted, a two-hour re-test is generally 
given. The procedure is the same as that for the first two-hour test, dis- 
cretion being used as to the time of running in. After re-test, only the new 
component need he examined. 

In the case of an overhauled engine which has had no major components 
replaced, a duration test of one hour is sufficient. 

On rebuilding the engine after first test, the half-hour final test is car- 
ried out. 

Half-Hour Te^t. — ( 1) After warming through, run the engine at %<>th 
power, 2,000 r.p.m. for 25 minutes, taking corresponding readings and tests 
to those of the two-hour test. 
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(2) Run at full throttle, 2,0(X) r.p.m. for five minutes, taking the same 
readings as iq the last five minutes of the two-hour test. Where the spark- 
ing plugs arc to be delivered with the engine, it is advisable to remove them 
after this test and examine them, resetting gaps where necessary. A 
further five minutes run is then given, full throttle power and ignition being 
checked. 

Where facilities for carrying out these tests on a variable torque brake 
arc not available, the routine given must be interpreted, and modified, to 
suit existing conditions, but it should in all cases be followed as closely 
as circumstances permit. 

Where an airscrew is to be used for the tests, it is recommended that a 
special airscrew, calibrated to absorb 405 brake horsepower at 2, 000 r.p.m. 
be used. A curve giving power at speeds up to 2,200 r.p m. should be 
prepared for the airscrew, in order that full throttle power may be checked. 

Maintenance of Engine in Stores. — When an engine is to be held in 
stores for any appreciable length of time, it is essential, in order to mini- 
mize the risk of corrosion that the following procedure be followed: 

It is very desirable that before sending an engine into stores, all trace 
of castor oil be removed and a mineral oil free from mineral acid circulated 
in the engine instead. Where an electro-motor and stand are available for 
turning the engine, this may be done as follows: 

1. If done immediately after test, it is important that the engine first of 
all be allowed to cool. It is then put on the stand and the motor coupled up. 
As much oil as possible is drained away from the sump and the drain cocks 
closed again. 

2 . Remove breather cap and baffle and pour about four gallons of suit- 
able mineral oil into the engine. Arrange an oil filter so that the top union 
is coupled to the suction pump delivery elbow and the lower union to the 
pressure pump suction elbow. Remove the plug from the base of the filter 
and arrange a pipe from here to the breather. There is now a complete 
circuit between the suction and pressure pumps through the filter with an 
overflow to the front of the engnux 

3. Run the engine at 2lX)/400 r.p.m. for fifteen minutes and then drain 
away as much of the oil as possible. It is important that the full oil pres- 
sure, i.e., 60 pounds per square inch, is reached in this run. To prevent 
oil pressure rising too high, the pipe from the strainer must be large 
enough to get rid of the oil, and so keep the pressure down, or an extra large pipe 
and connections can be fitted, and a cock fitted to regulate the flow of oil. 
The camshafts and bearings should be wiped over with a clean water-free 
cloth and surplus oil removed. 

4 . Pour one gallon of clean mineral oil into the engine and run for a 
further fifteen minutes; finally draining away all surplus oil. 

Where no motor is available for turning the engine after the test or run 
is completed, a special run should be given, using mineral oil only, the 
engine being run slowly and the water and oil temperature being kept as 
low as possible. 

5 . The engine must now be allowed to become quite cold. Wash down 
all camshafts and hearings with gasoline and thoroughly dry. Tf a heated 
airblast is available, the drying process should be finished with this. 
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6. Spray all camshafts with an anti-rusting preparation which leaves a 
thin protecting film on the treated surface, eg. “Sozol Anti-Rusting Pre- 
paration/' care being taken that the whole * >1 each cam is covered. 

If no such preparation is available, the camshafts must, after cleaning, 
be well covered with mineral oil. 

7. By means of a syringe, squirt about one-half pint of mineral oil into 
each cylinder through the sparking plug holes. In order to ensure that the 
oil reaches the cylinder walls more or less uniformly, a nozzle having a 
closed end should be prepared. Holes of approximately V\ <; inch diameter 
may then be drilled radially round lower part of the nozzle and a few in 
the closed end, the oil thus being delivered in the form of a spray instead of 
as a single jet. 

8. Pour one-half pint of oil down the oil chute for the airscrew shaft 
front roller and thrust bearings. 

9. Replace breather bafile and cap, put dust covers over carburetor in- 
takes and on all open pipe unions. 

10. Clean and dry all bright external steel work and protect by means 
of “Sozol” or grease. 

11. Replace camshaft covers, but these should be raised about Via inch 
from the heads by means of suitable wood or metal packing in order to 
provide adequate ventilation for the camshaft casings. Washers are not 
desirable as packings, for they may fall, unnoticed, into the cam casing. 

The engine is now ready for storage, but must be covered while in 
stores to protect from dust and dirt. 

It is recommended that this procedure, where a turning motor is avail- 
able, be carried out at intervals not exceeding four weeks. If the motor is 
not available, the engine must be tijrned through two or three complete 
revolutions, at least, at intervals not exceeding one week. Camshafts must 
be examined occasionally for signs of corrosion, and, if necessary, cleaned 
and treated as previously described. At monthly intervals a certain amount 
of fresh oil should be sprayed into each cylinder and also poured over the 
reduction gear through the breather cap 0 and into the airscrew thrust hous- 
ing along the oil chute. 

In order to ensure that this important routine is carried out, it is recom- 
mended that a record be kept, showing dates of turning, during the time the 
engine is in stores. 

N.B. — When an engine is put into service after a long period of storage 
and maintenance as just described, there will be a considerable accumula- 
tion of oil in the cylinders. This oil should be removed as far as possible 
through the sparking plug bosses before a start is attempted. Otherwise, 
the plugs will be “oiled up" rapidly. 

Selection of Tolerances and Running Fits. Napier-Lion Engine. — The 
following table gives the running clearances of the more important com- 
ponents of the engine for use in the fitting of new components. All clear- 
ances are measured on diameter unless otherwise stated. 
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( 1 carom c 
AYic 

Mo » tin uni 


Component 

l leorome 
tl ton 

Remarks 

Crankshaft : 

ills 

ins 

(hankpin mav he ground to 

Crankpin Diameter 

001 >4 

002 1 1 

004 

maximum of .020" helow 
standard si/c 

Parallelism 

- 

.001 


Ovality 


1)01 


Front Plain Hearing Journal 

000 d 

IM)2'V 

004 


Main Hearings Poller ( le.ir- 

002 1 ■ 


Minimum roller clearance 

anee before \sseml.ly 

.002 ” 


when completely fitted 001". 

Pear Hearing haul Play - . 

mi 

004 


.Spigot for Auxiliary Drive 

000 ' l 

002 

Pore of Auxiliary Drive- 

Shaft ... . 

ooi m 


.halt may he giound out 
040" ovcisi/c 

Dogs for Auxilian Dnvc 

000 ' I 

OOS 

Pol ary movement. 

Shaft ... 

Powing of ( rankxhalt at 


005 | 

Shafts ho wed slighlly more 

Center Hearing 


l 

i 

than this may Ik 1 straightened. 

(Connecting Pods 

Pig haul Pore 

001 . , 

002 d 

<4)4 

The weight tolerance over a 

I set of 4 complete lonnecting 
iod assemhlies should not ex- 

End Pla\ 

oo,; • 

0.0 

.DPS 

t eed 1 Y> o/s. 

Twist Alignment of Pous 

005 

010 

On width of Small End Push. 

Parallel Alignment of Pore' 

002 

0(10 


dudgeon Pin Push Pole . . 

002 * 

.002 

005 

Maximum ovality of dudgeon 
l Pm and Wristpin .001JA". 

AVi ist Pm Push P.ore 

OOP . 

.002 

004 


End Pla\ on Pm 

004 

1)110 

012 


f vlimh 1 • 




Pore ... 

022 

025 d 

040 

( dmders may he ground out 
010" oversi/e'iu hole. 

Maximum Ovality .. 

— 

.004 


Alaxunum Taper 

- 

.004 


Piston : 




Diameter (Skirt) .. 

022 

.040 

| Maximum wear on Skirt .005". 
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Component 

C Icaram 
Xczc 

Maximum 
CIcaram c 
ll’or n 

Ovality (Skirt) 


.003 

Weight tolerance per Piston 
in one line 

±'A o' 


Weight tolerance per set of 4 
Pistons in one line over on- 

ginc 

±1 07 


Piston Ping Vert mil Clear- 
ance in grooves 

(a) Seraper 

! 

005 

.(H)5 

.010 

(10 Has 

DOS 

010 

015 

Piston Ping (iap 

(a ) In C ylinder 

(107 

050 

(b) In Standard Ping 
Cange 


025 

Camshaft 

Rear Rearing 

Journal 

001 

002 1 

.00-1 

End Flay 

(Mil 

.002 '' 

00h 

Front Hearings 

Journal 

001 

7)02 

j 004 

Drive Top Rearing. 

Journal 

OOP' 

.002' 

.004 

End Play 

.002 

\002 

OOfj 

Rear End Cover- 

Camshaft, and Pump Dmes, 
Auxy. Driveshaft Rear- 
ing Journal 

001 

.002 

.004 

Magneto Drive 

002 
.002 " 

005 

End Play, Camshaft and 
Pump Drives 

002 
* .003 

.006 


Remarks 


J <>tal variation in weight of 
pistons in an engine must 
not exceed 2 ozs. 
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(fun I'onrtil 

| ( Inn am r 
; .Yen' 

I 

Mu \ inuttn 
( Inn am e 

II on, 

Nnnai h's 

Magneto Drive 

003 

005 

1 

. 00, s 


Auxiliary Drive-shaft 

00O 

i (">0« 

010 


Goar Tooth Hack lash . . 

002 

00-1 

oox 


Hand St. ntor Throw out Spring 
laud 

45/55 


Thrnwnut to i elease at this 
pussurc. 

Revolution Indicator Goal 

Rearing Journal ... . 

001 
.002 " 

004 


Fnd Play 

.012 
“ 015 

025 


Yal ves 

Inlet Guide Roie 

001 

002"* , 

ooo 


Kxhausl (iukU Rore 

00a 

004 G 

OOS 


Valve Springs 

Free Fernet h Inner 

Outer 

Closed Length I.mei 

a 1 • 

1 7 s 

M inuuuni 

3 

3}ii 

, Springs need not be checked 
j lor load unless below nuni- 
1 mum flee length. If below 
niiiiunuin should be checked 
for load before reaction. 

Outer 

Iks 



Closed Load. 1 oner 
t )uti r 

33/30 1j,s 

14/17 lbs. 



Airscrew Shaft ■ 

Rearing Kollei ( leaiaiu 

I 'rout ... 

Rear 


Maximum 

003 1 ' 

005 

Thrust Rearing to have no 
perceptible Knd Play. 

Reduction Gear: 

Hack lash 

005 

010 

.020 


Carburetor- 
Gasoline Level . . 



8 nun to 10 mm below top of 
Guard Tube at 2 lbs. per sq. 
inch pressure. 

Flooding Test .... 



Needle Valve to hold 4 lbs. 
per sq inch petrol pressure. 

Needle V.dve Seat 



To hold 4 lbs per sq inch air 


1 ]Hl*ss||IT 
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( nnif'nnrnf 


j Maximum 
C lea ram e , ( learmu c 

Xrn ' ! Il'oni 


Keanu l k 


Flow (Minimum) 

Air Leak Test 

Pressure Tests: 

Header 

Cylinder Jackets and Induc- 
tion Pipe Jackets 

Water Pipes 

Carburetor Jacket 4 - . . .. 

Complete Water System 

Cylinder Pluck, complete . . 

Oil Pipes 

Crankshaft Od\\a\s 


Single 95 pt s per hour. 
Double: 205 p*s per hour. 

1 lb per s(| inch air pressure 

50 lbs per si| iiu h, .nr. 

50 lbs per s(| on h, air 
^0 lbs per sc | inch, air. 

15 lb 4 per s(| inch, water 
15 lbs per sc | inch, water. 

50 lbs ner sc | inch, a»r 
150 lbs per s(| null, water 
100 lbs per s<| null paiaflMi 


QUESTIONS FOR REVIEW 

1. Why is it important to mark pieces when dismantling an engine? 

2. Outline Keiier.il dismantling pmcedure 

3. Name principal detects m cylinders 

4. What is composition of caibon deposits and lu»\v are the\ rc moved J 

5. How are scored cylinders repaired' 

0 Describe method of reconditioning vahes 

7. Outline method of fitting piston rings 

8. How are engine bearings refitted'' 

9 Outline precautions to follow when renioung and installing anti friction bear 
10. What general precautions should be folTowed.in re-assembling engine parls- 



CHAPTER XLV 

DIRIGIBLE AIRSHIP ENGINES— HIGH-SPEED DIESEL TYPES 

Power Requirements of Airships — Characteristics of U. S. Navy Airships— Disposition 
of Engines in Dirigible Airships — Goodyear Nonrigid Airship Details — Hydrogen 
as Fuel — Acetylene as Fuel — Value of Water Recovery — Water in Exhaust Gas- 
Water Recovery Apparatus — Steam Cooling for Airship Engines — Development 
of the Packard 1551 Shenandoah Model Engine — Details of Packard Dirigible 
Engine — Graf -Zeppelin Characteristics — Maybach VL2 Engines — Maybach Engines 
are Reversible— Engines Use Blau Gas— Maybach Mechanical Details— Dirigible 
Power Transmission— Dirigible Engine Clutch— High Speed Automotive Diesel 
Engines— Diesel Fuel Supply Important— M. A. N. Fuel Pump— Saurer-Diesel 
Engine— Improved Air-Fuel Mixture Method— Packard-Dorner Diesel Aircraft 
Engine — The Dorner Diesel Principle — Junkers Aircraft Diesel Engine. 

Power Requirements of Airships. — Tn comparison to their size and 
weight, the airship requires much less power than an airplane would, as- 
suming that airplanes or other heavicr-than-air craft could he built that 
would carry the useful load of a dirigible. The reason for this is obvious. 
Engines of airplanes must have sufficient power to lift them off of the 
earth’s surface, he it land or water, and to permit the airplane to climb at 
reasonable speeds and take-off promptly, twice the power must be provided 
as would be necessary to cruise at satisfactory speeds, once the airplane is 
in the air. The lift in a dirigible airship is obtained by static means in 
most cases, though at times the engines may contribute some dynamic lift. 
Figures given out by a Herman airplane manufacturer for a machine of 
about lbO feet spread and 150 feet length, equipped with a boat hull to 
accommodate 100 passengers call for a powerplant equipment of twelve 
500 horsepower engines, or a total output of 6,000 horsepower. The cruis- 
ing speed of such giant airplanes v\ill be greater than that of dirigibles, but 
the power requirements will he over twice that needed by a dirigible 
capable of carrying 100 passenger* at a speed of 70 to 80 miles per hour, 
Tt is doubtful if the cruising speed of giant airplanes will he more than 
100 miles per hour because the landing speed always hears a definite re- 
lation to the maximum flying speed and the problem of landing very large 
and heavy airplanes at high speed, even on water is a serious one. 

Characteristics of U. S. Navy Airships. — The dimensions, weights and 
performance characteristics of the U. S. Navy ZR1 (Shenandoah) and the 
ZR3 (Eos Angeles) are shown in the following tables, which show the 
horsepower required by each of these craft. The figures are taken from 
a paper by Commander Garland Fulton, C.C., U.S.N., entitled “Some Mat- 
ters Relating to Large Airships” and read before the Society of Naval 
Architects and Marine Engineers in November, 1^25. It will he seen that 
the Shenandoah, with :i total weight of 120,000 pounds and with a horse- 
power of 1,500, less than provided on some modern trimotor twenty pas- 
senger airplanes, had a maximum air speed of 70 miles per hour. The Eos 
Angeles, with a gross weight of 158, (XX.) pounds, and with but 500 horse- 
power more, or 2,000 horsepower, was capable of attaining the speed of 65 
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knots as a maximum. The efficiency of the streamlining- of the hull of a 
dirigible airship can be appreciated when one realizes that the cross sec- 
tional area of the Shenandoah was 4,818 square feet while that of the Los 
Angeles is 6,422 square feet. To attain the speeds mentioned with such 
moderate horsepower, the resistance must be reduced to a low point. Of 
course, a large reduction in resistance is due to the elimination or over- 
coming of gravity by the static lift of the gas in the hull. 



Fig. 872 . — The U. S. S. “Los Angeles” Moored to the Mast at Lakehurst, N. J. The 
Power Cars in Which the Engines are Installed are Clearly Shown. Water Recovery 
Units May be Seen Above the Side Engine Cars. 

The full speed of the Los Angeles is 65 knots, with a fuel consumption 
of 970 pounds per hour. At two-thirds full power, the speed is 57 knots 
and the fuel consumption is 590 pounds per hour. 

When inflated 95 per cent full with helium lifting 0.064 pound per cubic 
foot (corresponding to 95 per cent pure gas in dry air at sea level and at a 
temperature of 50 degrees Fahrenheit), the maximum still-air endurance is 
as follows : 


Speed, knols Hours Nautical Miles 

(>5 37 2,308 

S7 01 r,480 

53 70 3,700 

44 110 5,200 
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COMPARATIVE CHARACTERISTICS OK THE C. S. NAVY DIRIGIBLE 
AIRSHIPS, THE “SHENANDOAH” AND THE “LOS ANGELES” 


Air displacement of hull, cubic feet. 
Volume of gas cells, cubic toet . . 

Length, feet and inches 

Maximum diameter, feet and inches 

Total height, feet and inches 

Engines 

Total horsepower 

Areas of tail surfaces : 

Horizontal (2), square feet ... 

Vertical ( 2 ), square feet 

Areas of rudders: 

Horizontal (2), square feet .. 
Vertical (2), square feet... . 
Area of cross section, square feet . 


Slicn. 1 1 k1o.i 1 i 

Eos Angeles 

2,289,80 1 

2,764,461 

2,115,174 

2,599,110 

080 2 

658-4 

78-9 

90-8 

93 2 

104-5 

5 Packard 

5 Maybach 

1,500 

2,000 

2,870 

2,510 

2.335 

2,510 

440 2 

457 

379 1 

400 

4,818 

6,422 


COMPARISON OF PRTNCTP \L WEIGHTS 


95 per cenl inflated with helium lifting 

064 pound pi 

■r cubit foot 



Shenandoah 

l.os Angeles 

Items 

Weight, 

Per cent 

Weight, 

1 

Per cent 


pounds 

gross lift 

pounds 

gross lift 

Fixed weights 

; 80,220 

20,539 

1 

62 2 

91,030 

25.200 

57 6 

Nondisposable weights 

15 9 

16 0 

Disposable weights 

2K.A5 

l 

21 9 

41,770 

26.4 

Total weights 

1 " 

' 129.000 

100 0 

158,000 

100.0 


The 1 noiulisposahlc weights include the crew, emergency rations, fuel 
and oil for five hours at cruising speed, and minimum ballast. The dispos- 
able weights represent the maximum fuel and oil, over and above the five 
hours’ reserve, which may be carried in the given condition. 

Disposition of Engines in Dirigible Airships. — When more than one 
engine is used for airship propulsion, they are carried in power cars at- 
tached to the framework. In the rigid airships, such as the Eos Angeles, 
shown at Fig. 872, the power cars are distributed along the length of the 
hull, being carried at each side of the bag as shown. Plans for latest forms 
of airships now under construction in England show the engines carried 
inside the hull and driving the airscrews, which are distributed just as the 
power cars are in the present construction, by shafts and gearing. This 
permits mounting the propellers in streamline housings which will be mov- 
able so the axis of rotation can be changed to secure thrust 'in any direction 
and facilitate maneuvering the airship. 

Power cars arc distributed along the hull to divide the static load of the 
engines and power cars along the frame as well as to distribute the dynamic 
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load or thrust of the airscrews on various members of the hull framework 
The power cars are suspended bv streamline struts and braced by steel 
cables as shown at Fig. 873, which shows the construction and suspension 
of the Los Angeles power cars, as well as showing the overall dimensions 
of a typical power car. The engines are Maybach reversible four-cycle, 



£ 


similar to those used in the Graf-Zeppelin and described in proper sequence. 
While the sectional views are of the after power car, the side power cars 
are similar except for suspension from the hull. The reader’s attention is 
directed to the fuel tanks in the keel and the ladder from the keel to the 
C£r so the engineer can obtain access to the power car. 
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In the semi-rigid dirigibles, such as used by the U. S. Army, the power- 
plants are also carried in power cars, as shown at Fig. 874 and these are 
suspended from the keel member by streamline struts and braced by cables. 
The power cars are placed side-by-side, a bridge joining them so the 
mechanics can go from one power car to the other, and a pair of ladders 



is provided to permit access to the keel member and from thence to the 
control car. The cars are similar in construction to those used by rigid 
dirigibles, care be ; ng taken to streamline them to reduce their resistance. 

Another reason why the engines are carried in power cars in dirigible 
balloons instead of in the interior is because the fire risk is lessened when 
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hydrogen is used for the lifting gas and gasoline engines are employed for 
power. Of course, helium gas greatly reduces risk of fire and gasoline 
engines may be used. In England, the fire risk is to be reduced in the new 
series rigid airships by using fuel oil engines of the Diesel type for power 
so the plans are to mount them inside the framework and reduce the para- 
sitic resistance of the power cars by eliminating them and carrying the air- 
screws outboard on streamlined frames. Under such conditions, it is be- 
lieved hydrogen can be used for inflation without undue risk. 



Fig. 875 A.— One of the Siemens-Halske Engines Used on the Goodyear Airship 
“Puritan.” Note Installation on Outrigger Tubes. 

In the Good) ear-Zcppclin “Puritan" nonrigid airship, the engines are 
carried by outriggers from the passenger and control car as shown at Fig. 
874 and 875. The Siemens-Halske five-cylinder static radial engines are 
carried by simple tubular outriggers and are provided with a Heywood 
air starter. One engine is carried each side of the cabin. The large stack 
shown projecting into the propeller slipstream aft of the engine is one of 
two that are used to direct a part of the air blast up into the ballonet or air 
bag used to compensate for variations of gas pressure in the gas bag and 
keep it properly distended. While the engine accessories are shown ex- 
posed in the photographs of the pow'erplant, they are covered in by a 
streamline aluminum cowling when the airship is in use. As will be seen 
by referring to Fig. 875 the fuel and air lines, electric wires and tachometer 
cable are attached to one of the horizontal bracing struts, but arc fully pro- 
tected when the airship is in service by a cowding that joins the streamline 
cover of the accessories as shown at Fig. 876. This view also shows the 
large door giving access to the cabin, which will hold four people. 


PURITAN AIRSHIP DETAILS 


1841 



Fig. 875B.— Side View of the Passenger and Control Car of the Goodyear Airship 
“Puritan” Showing Method of Engine Installation. One Engine is Used on Each 
Side of the Cabin. Note Air Scoop Placed in Propeller Slipstream for Ballonet 

Inflation. 
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Fig. 876.— View of Right Side of Cars of the “Puritan” Airship. Note Streamline 
Cowling Over Accessory End of Engine and Covering of All Piping, Wiring, Etc., 
Leading from Engine to Car. 




Fig. 877. — The Goodyear Airship “Puritan” Showing General Construction and Location of Power and 

Control Car Relative to Hull. 
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Goodyear Nonrigid Airship. — The famous little Goodyear airship, the 
“Puritan,” was put into service during the summer of 1928.' The “Puritan,” 
which is shown at Fig. 8 77, has already been flown several hundred hours, 
has made three trips to C anada, a number of short flights to various cities 
in the middle west and to cities on the eastern seaboard. The “Puritan” 
is somewhat larger than the first Goodyear air yacht “Pilgrim,” having a 
wider cruising range, higher speeds, and greater lifting capacity than its 
predecessor, the initial airship of the type to be built in America. The 
“Puritan” is 128 feet long, 37 feet in diameter, holds 86,000 cubic feet of 
helium, and would be able to travel 550 miles with two passengers and a 
pilot, without refueling. 

The latest aeronautic product of Goodyear is the first ship to be con- 
structed by the Goodvear-Zeppelm Cor|>oration organized three \ ears ago. Dr. 
Karl Arnstein, formerly chief engineer of the German Zeppelin company 
and now vice-president in charge of engineering for Good vear-Zeppelin, 
was in charge of the design and de\ clopmcnt work on the “Puritan.” The 
ship has been used extensively for experimental purposes, cross-country 
flying, and the training of students in the Goodyear airship school at Wing- 
foot Lake near Akron. The ship is powered with two Siemens-Halske 
air-cooled radial motors of recent design, lias a top speed of 58 miles an 
hour and a cruising speed of 46 miles an hour, with comfortable seating 
arrangements for four passengers. 

Goodyear has built more than 100 nonrigid airships during the past 
twelve years and has recently ' started preliminary construction work on 
two super rigid naval scouting airships of 6,500,000 cubic feet capacity for 
the U. S. Na\v, the hugest airships so far undertaken in the world. Two 
new airships of the same size and t} pe as the “Puiitan” are now under way 
in the aeronautic workshops of Goc^lvear at Akron and will be ready for 
flight in the spring of 1629. One of these airships will probably be sent 
to the California factory of Goodyear for operation on the west coast. 

Hydrogen as Fuel. — Mention has been previously made of the use of 
Blau gas as a fuel for airship engines. Hydrogen gas which is commonly 
used for inflation of dirigibles hag a very high heating value, 60, (XX) B.t.u. 
per pound. Hydrogen has been used as fuel, it being burned in the engines 
to prevent valving the gas and to compensate for the reduced lift as the 
gasoline is consumed. When employed in this manner hydrogen is burned 
in combination with gasoline, which enables one to utilize its properties as 
fuel, whereas, if used alone, hydrogen will detonate and some modification 
of existing engines would be needed to secure the best effects. In the 
United States, helium gas is used for dirigible inflation and water recovery 
apparatus extracts ballast from exhaust gas to maintain equilibrium as the 
liquid fuel is used by the engines and the airship is lightened. Despite its 
high heating value, the heat developed by burning gasoline in the cylinder, 
owing to the amount of air requited to support combustion, is very little 
different from the energy liberated in the form of heat when ordinary gaso- 
line and air mixtures are used. Hydrogen can be used by having sup- 
plementary mixing valves attached to the induction manifolds of the en- 
gines and certaii/proportmns of that gas can be admitted in connection with 
smaller quantities of carbureted air from the liquid fuel carburetors. 
Helium gas cannot be burned in the engines, in fact, its big advantage is 
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that it is not inflammable. It is much more costly than hydrogen and only 
lifts 90 per cent as much weight for the same cubical contents. Hydrogen 
is used in Europe because there is no Helium obtainable from local sources 
and it has been produced only in small quantities in EurQpean laboratories. 
This gas is extracted from natural gas found only in Texas in commercial 
quantities. 

Other gases have been proposed as fuel for airship engines besides 
Blau gas, which weighs about the same as air. Coal gas could be used 
and would operate the engines very well. Its drawback is that it contrib- 
utes effective lift to the dirigible as it weighs considerable less than air 
and the airship would be lightened as the coal gas was used up by the 
engines. 

Acetylene as Fuel. — It has long been known that acetylene is a highly 
detonating fuel, and it has generally been assumed that this made it un- 
desirable for use with automotive engines. Professor T.utz points out that 
when the mixture of acetylene and air is too lean, there is trouble from 
backfiring, which is due to the same cause as backfiring through the car- 
buretor with gasoline, such lean mixtures being very slow-burning. When 
the mixture is too rich there is trouble from detonation. The theoretically 
correct mixture which gives complete combustion of the acetylene without 
excess of air is 11.9 volumes of air to one of acetylene. However, in order 
to prevent trouble from detonation it is necessary to work with much leaner 
mixtures, so that there is at all times a considerable excess of air. Accord- 
ing to Haber the limiting range of useable mixtures is nineteen volumes of air 
to one of acetylene to 32 volumes of air to one of acetylene, if water is in- 
jected into the cylinders the mixture can be further enriched up to the theoretical 
proportion of 11.9 volumes of air to one of acetylene. 

Any ordinary automotive engine can be operated on acetylene without 
material changes, and the only objectionable feature is that the maximum 
output is somewhat reduced, which is a disadvantage of considerable 
moment in connection with airship engines. There is not the least dif- 
ficulty in starting the engine; it runs as regularly as clockwork, responds 
quickly to wide variations in demand, and operates with very clean com- 
bustion. All of these good properties were verified in long trials, during 
which the best operating conditions were ascertained. All apprehension 
with respect to danger of explosion and the unpleasant odor of the motor 
fuel was found to be baseless, as these difficulties can be overcome. When 
it is considered that in the case of acetylene the operating costs are added 
to by interest, depreciation and maintenance charges on a special generator, 
the conclusion cannot be avoided that acetylene cannot possibly compete 
with gasoline under present conditions. 

Value of Water Recovery. — Mr. II. F. Parker, while assistant physicist 
at the Naval Academy Factory, Philadelphia, worked out a system of water 
recovery from exhaust gas that materially reduces the cost of operation of 
dirigibles inflated with either hydrogen or the more costly helium, the cost 
of which has been estimated at figures ranging from twenty cents per cubic 
foot to five cents per cubic foot. The former is probably none too high, 
the latter figure is undoubtedly too optimistic for serious consideration in 
discussing commercial applications of airships. Mr. Parker also trovers this 
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subject in an interesting manner as follows : 

When starting on a flight, an airship is in approximate equilibrium; 
that is, the lift exerted by the gas within its gas cells approximately equals 
the total weight of the craft, including the dead-weight of the ship’s struc- 
ture, the ballast, the crew, the useful load and the fuel. As the flight pro- 
ceeds, this weight becomes gradually less, owing to the consumption of 
fuel, and the ship becomes light. If no steps were taken to correct it, the 
first effect would be that the ship would ri.^e, and this would be accom- 
panied by an expansion of the gas withm the cells. These cells are normally 
only partly full but, with increase in altitude, a point is reached where the 
confined gas expands until it completely fills them. This is known as the 
‘pressure height.’ Any further expansion would cause increased pressure, 
which is avoided by providing automatic valves that permit the escape of 
gas under slight excess pressure. Therefore, with the burning of fuel the 
ship would rise to her pressure height and gas would gradually escape 
through the automatic valves. Actually, the ship would be kept at what- 
ever height it was desired to fly her by using the elevators to keep her nose 
pointed downward, thus balancing the excess lift by negative ‘dynamic 
lift,’ due to the air pressure on the top of her hull that tends to force her 
down. 

“On short flights, this expedient is satisfactory; and it is even possible 
to land a ship considerably light bv driving her down in this fashion until 
the landing party has her in hand. Consequently, on ships making short 
flights only, this lightness is not a matter of much concern; but, on long 
flights, conditions are very different. It rapidly becomes impossible to 
maintain equilibrium by the use of the elevators, and lifting gas has to be 
valved. With hydrogen, this is not serious, for the gas is cheap and can 
be replaced when the ship returns to her base. This procedure, however, 
cannot be adopted with helium because not enough of the gas is available. 
Even if enough were available, the cost of operating with it on long flights 
without special measures to conserve it would be excessive. On the Shen- 
andoah, operating at cruising speed, with five engines at 1,20() r.p.m., this 
cost would be $1,000 per hour assuming that the helium cost thirteen cents 
per cubic foot. This is a very conservative figure at present as it repre- 
sents merely the cost of producing the gas plus an allowance for transport- 
ing the heavy cylinders to l.akehurst, N.J , but it neglects all overhead 
charges. Ultimately, it may be possible to get the cost down to five cents 
per cubic foot; but, even at this figure, it will still be necessary to prevent 
its waste by old methods of operation.” 

Water in Exhaust Gas. — The point to note is that for every 100 pounds 
of gasoline burned , 145 pounds of water is present in the exhaust. 1 his quantity 
varies somewhat with weather conditions and also with the composition of 
the fuel. For gasoline, 135 pounds can be set as the minimum and 150 
pounds as a fair maximum ; but, with other fuels, the amount of water 
formed may be greatly different. Thus, with benzol, it is only 70 pounds 
and, with alcohol, 115 pounds. The water exists first as fog, which cannot 
conveniently be collected. However, as this fog moves along in the super- 
saturated atmosphere, the particles coalesce to form water-drops so that, 
at the exit, probably 75 per cent is available as liquid. The remaining fog 
can be rendered available as water, by mechanical means. So much for 
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theory. The problem resolves itself into a straightforward cooling prop- 
osition which, at first sight, seems not very difficult. The most obvious 
thing to do appears to be to apply steam-condenser practice, using either a 
surface or a jet condenser. The conditions, however, differ from those met 
with in steam condensers in important particulars. 

Water Recovery Apparatus. — The apparatus finally evolved by Mr. 
Parker and his assistants consists of a large number of aluminum tubes 
fitted into cast-aluminum headers that, in this case, serve to change the 
direction of the exhaust through approximately 180 degrees every five feet. 
The exhaust gas is first directed from the exhaust-ports into a manifold 
of normal construction As the engine is totally enclosed within a car, 
special means are necessary to cool the manifold, and it is covered with an 
aluminum casing provided with an intake scoop to direct air through the 
casing and over the manifold. A cut-out is provided on the manifold, con- 
sisting merely of a branch pipe with a plug screwed into its end so that, 
on the removal of the plug, the engine can be operated while exhausting 
direct to the atmosphere, and the condenser put out of action. For normal 
operation, however, the exhaust flows through the manifold proper to a 
flexible connection to the condenser entrance. This is necessary because 
the condenser is suspended directly from the hull, and the cars move almost 
one inch from their stationary position when subjected to the thrust of the 
propellers. From the condensers the water recovered is pumped to ballast 
tanks as required and when in excess, any desired amount may be released 
to trim ship. 

Steam Cooling for Airship Engines. — Evaporative cooling (steam cool- 
ing) will be used for the engines of the E101, one of the two new British 
airships, and a description of the system was given at the recent meeting 
of the British Association for the Advancement of Science by Wing Com- 
mander Cave-Brown-Cave. The airship will be fitted with heavy oil engines 
built by Wm. Beardmore K: Co. The engine cylinders will be filled with water, 
but the heat absorbed by the water will be carried away as the latent heat of 
a comparatively small weight of steam. The water is circulated through 
the cylinder jackets and is always at the boiling point. Since in the normal 
water cooling system the heat is carried away to the radiator in the form 
of sensible heat a x cry material saving can be effected in the amount of 
water which must be carried. 

Owing to the fact that the steam conveying the waste heat is so light, 
it is possible to use some of the most effective parts of the outer cover of 
the airship for heat dissipation and to make the heat-dissipating surfaces 
themselves of a form which would be quite impossible if water were used 
as the heat-dissipating medium. The system was first applied to an experi- 
mental unit at the Royal Airship Works, and a very similar application 
was made to the power unit which is undergoing tests prior to installation 
on the lx 1 01 . Various types of aircraft engine have been fitted with this 
evaporative cooling system and developed full power without modifications 
in the engine. 

Development of the Packard 1551, Shenandoah Model< Engine. — About 
six years ago the Navy Department started laying down the plans for a 
giant dirigible which was to represent an important step in advance over 
all existing types of the Zeppelin rigid airship. The work of developing the 
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powerplants for this air monster was entrusted to the Packard Motor Car 
Company and a set of specifications was drawn up which insured the de- 
velopment of an engine far superior to any yet produced in the United 
States for this class of ser\ ice. Reliability, durability, economy, and light 
weight were the characteristics desired in the order given. Extreme light 
weight was not nearly as important as it might appear on the surface since 
a slight gain in economy at some expense of weight could easily result in a 
larger cruising radius, for after all it was one of the principal aims in the 
design of the dirigible to obtain the greatest possible cruising range, thus 
enhancing the utility of the airship for naval purposes. The weight of fuel 



Fig. 878. — Packard Model 1551 Engine Used in the U. S. S. “Shenandoah.” Five of 
These Engines, Aggregating 1,500 Horsepower, Were Used for Power. 

to be carried amounted to nearly four times the w'eight of the engines and 
every possible effort w\as expended to obtain the last ounce of power out 
of the fuel. The net result was that in a 300- hour endurance test of this 
engine a world’s record for economy was made, less than .45 pounds of 
fuel per brake-horsepower per hour being consumed, w hich represented a 
saving of about ten per cent of fuel as compared with the results achieved 
with other engines over similar tests. This meant that for the maximum 
cruising range there was a clear saving of 2,000 pounds in fuel, or what 
represented the weight of two engines 

However, the 300-hour endurance test of the Shenandoah engine was 
not destined to f>e the only ground test of these engines before the ship 
made its maiden flight. ( )ne of these engines was installed in a fast speed 
boat, Miss Miami, and for two seasons was subjected to gruelling tests on 
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Lake St. Clair at times in mountainous seas which tested its reliability and 
operation at extreme angles. Not a single fault developed and yet still 
other tests were devised by the Navy officials in their praiseworthy attempt 
to insure the very finest possible result in the powerplants of the Navy’s 
pride, the Shenandoah. Each of the six engines used in the airship was 
installed in its power car complete with all its appurtenances, such as gaso- 
line, cooling, lubrication, clutch and reverse gear, engine telegraph, and the 
numerous other systems necessary to make the power car a complete oper- 
ating unit. 

The power car was then suspended from the roof of one of the giant 
seaplane hangars at the Philadelphia Navy Yard. Directly in front of the 
power car a Liberty motor was mounted with its propeller directing the 
blast over the radiator and forward end of the Shenandoah power car. 
With this arrangement it was possible to duplicate conditions obtaining in 
flight, the air blast from the Liberty motor representing a forward speed 
of about 40 miles per hour. The Shenandoah engines were each given a 
24-hour nonstop endurance run and not only the engines but the complete 
power cars were tested out in this manner. The result was that when the 
engines were finally installed in the ship they had been proven out by the 
following series of tests. 

(1) Original 50-hour acceptance test. 

(2) 300-hour endurance run. 

(3) Hundreds of hours of marine service on Lake St. Clair. 

(4) 24-hour power car tests at Philadelphia. 

A centrifugal type pump is used on the Shenandoah engines and the 
famous Packard thermostat control is used to regulate the temperature of 
the water automatically, thus allowing of prompt getting under way and 
economical running at the most efficient temperature. The oil pumps are 
located in the sump in the Shenandoah engines and are arranged to be 
removed easily. An inspection of the engine will show that all accessories 
have been arranged with a view to readily handling in a power car. As a 
matter of fact, accessibility was a dominating requirement in the design of 
the Shenandoah engines. For example,. it is possible to remove any one 
cylinder without disturbing the adjacent cylinders or the manifolds. As a 
matter of record, a cylinder has been removed from one of these engines, 
the piston inspected, and the cylinder replaced all in 40 minutes time. On 
the average marine engine of this size such an operation would require 
at least several hours labor. 

Details of Packard Dirigible Engine. — The Packard dirigible engine, 
which is shown at Fig. 878, is known as the Model 1 A 1 551 and is rated at 
a normal output of 337 horsepower at 1,400 r.p.m. There are six cylinders 
in line having a bore of 6.625 inches and a stroke of 7.5 inches giving a total 
displacement of 1,551 cubic inches. The compression ratio is 6.5 and the 
dry weight is 1,060 pounds. The weight per horsepower is 3.15 pounds and 
the normal brake mean effective pressure is 122.9 pounds per square inch. 
Individual cylinders, built up of steel forgings, have sheet steel water 
jackets welded on. A box section type crankcase is parted horizontally at 
the crankshaft center line. The shaft is an alloy steel forging of the six- 
throw seven-bearing type and is bored for lightness and to provide passage 
for the lubricating oil as shown in sectional view at Fig. 879. H section 
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connecting rods have oil tubes to conduct oil to piston pins and cylinder 
walls. Aluminum alloy pistons of the die cast trunk type with relieved 
piston pin bosses are used and are fitted with three rings above and one 
below the piston pin. Each cylinder head is provided with two intake and 



two exhaust valves. Each set of valves is actuated by yoked rocker arms, 
separate exhaust and intake camshafts being provided, one at each side of 
the engine. Triple gear oil pumps are used in connection with a dry sump 
lubrication system. The mixture is provided by a Stromberg NA-ZD5 with 
back suction mixture control. There are four sparkplugs per cylinder and 
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ignition is by two Delco six cylinder duplex systems. A twelve volt con- 
stant current type generator running at 1 ]/ 2 times crankshaft speed is used. 
The engine is governed by a centrifugal type governor and holds the engine 
speed to less than 1,500 r.p.m. and as it works in connection with the oil 
system, the governor will stop the engine if the oil pressure gets below 
25 pounds per square inch. The engine has the following performance: 


Maximum brake horsepowei at 1,400 r j> m ... 350 

Normal rated brake horsepower at 1,400 r.pm 300 

Maximum fuel consumption at 1,400 r p.m. normal rated lip 50 lb./B.bp./br. 

Normal fuel consumption at 1,400 rpm normal rated lip 45 lb /B.hp./lir. 

Maximum oil consumption at 1,400 r p m rated bp .. .... 03 lb./B.hp /hr. 

Normal oil consumption at 1,400 rpm rated bp ... .03 11) /Blip /hr. 

Wt. of engine complete including instrument board and band staitcr 1.100 lb. 

Weight of water in engine .. 50 lb. 



Air starter pipes Flywheel 


Fig. 880. — The Maybach-Zeppelin Engine of the Type Used for Dirigible Power. 

This is a Four-Cycle Twelve-Cylinder “Vee” Reversible Type. 

Graf-Zeppelin Characteristics. — The Gi af-Zcppclm a\ as designed for 
passenger and mail service on long distance routes. It has a hull of stream- 
line form, free from parallel section. The main frames are 28 sided poly- 
gons spaced fifteen meters apart with two auxiliary frames between each 
main frame. The main frames are wire braced in their own plane and 
king-post trussed. Doth frame and longitudinal girders are of triangular 
section, but with circular section booms in place of the original Zeppelin 
open angle-section. The four bottom sides of each polygonal frame are 
reinforced by a keel framing system. The Graf-Zeppelin has an over-all 
length of 772 feet, a maximum diameter of hull of 100 {cet, a maximum 
height over-all of 110 feet and a cubic capacity of 3,710,000 cubic feet. 
It was designed for a gross lift of 107 tons with a pay load of fifteen tons 
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in addition to a crew of 26 and fuel for 6,200 miles travel at a cruising 
speed of 68 miles per hour, though its maximum speed is 80 miles per hour. 

The Craf-Zeppelin, which completed its trip from Germany to Lake- 
hurst, N. J., on October 15, is powered by five twelve-cylinder, 550-horse- 
power Maybach-Zeppelin VL2 engines which are housed in individual 
power cars slung beneath the hull in such a way that the propellers escape 
one another’s backwash. These engines weigh 2,450 pounds each, and 
the aggregate of 2,750 pounds gives the ship a cruising speed of about 72 
miles per hour in still air, a top speed of about 80 miles per hour, and a 
cruising radius of about 6,100 miles. 



«r 

Fig. 881 . — Three-Quarter View of the Maybach-Zeppelin Dirigible Engine Showing 
Air Starter Distributor and Engine Control Levers. 

Maybach VL2 Engines. — -The VL2 engine shown at Figs. 880 to 883 
inclusive, is a development of the Maybach-Zeppelin engines in the U. S. 
Navy’s Los Angeles, built in Germany in 1 ( >24. That type produced 420 
horsepower at sea level and 400 at the altitude of Friedrichshafen, at 
1,400 r.p m. Owing to increased compression, the use of aluminum pis- 
tons and carburetor alterations, the V L2 develops 600 horsepower at sea 
level and 550 at Friedrichshafen, at 1,600 r.p.m. While lightness is the first 
consideration in an airplane engine, fuel economy and reliability are more 
important in an airship engine, because on long cruises, such as the Fried- 
richshafen-Ncw York flight, an airship engine mav run as long as 100 hours 
without stopping. If it is more efficient, the reduction in the amount of 
fuel that has to be carried will more than offset its greater weight. Whereas 
most airplane engines requires an overhauling after 300 hours’ flying, tests 
made on the VL2 at Friedrichshafen indicate that it will need minor adjust- 
ments only once every 1,000 hours and a major overhauling every 2,000 
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hours. This longer life is said to be largely attributable to the use of roller 
bearings. With the exception of the piston pin bushings, all shaft bear- 
ings are of the roller type. 

Maybach Engines Are Reversible. — Another important quality of an 
airship engine is direct reversibility. An airship is handled much like a 
steamship. Its engines must at times go astern so that the ship may moor 
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the 36 overhead valves, and this constitutes the reversing operation. A 
compressed air starter cranks the engine in either direction. 

Perhaps the most significant advance in the Graf-Zeppelin over previous 
lighter-than-air craft lies in the interchangeable use of liquid and gaseous 
fuel (gasoline and Blau gas). The use of gaseous fuel in an airshtp offers 
great advantages. Carrying gaseous fuel is solely a question of space, 
weight being a negligible factor; and inasmuch as the head resistance of 
streamlined airships does not increase in direct proportion to size, an 
appreciable increase in the cruising radius has been brought about. Fur- 
thermore, if the ship had to carry large quantities of liquid fuel, its structure 
would have to be considerably stronger and heavier. 

Ordinarily an airship carries a great deal of water ballast, which can 
be dropped if buoyancy is lost during flight. The Graf-Zeppelin carries a 
quantity of gasoline (eight tons) instead. As soon as it becomes necessary 
to lighten the ship, the engines are switched to burn gasoline. 

Engines Could Use Blau Gas. — Blau gas is an industrial gas which has 
been used in Germany, for railway coach lighting, for harbor buoys, etc. 
Gas oil (a petroleum fraction) is used as a base in the manufacture of this 
gas. The oil is subjected to moderately hi^h temperatures in retorts and 
is thus cracked, and the gas produced is then scrubbed and washed, that 
is, freed of its tarry material and entrained carbon particles. The gas is 
then cooled, and when it is to be used for industrial purposes it is com- 
pressed to the liquid state and placed in steel bottles. It contains a large 
proportion of unsaturated hydrocarbons, which makes it particularly suit- 
able for use in internal-combustion engines, as these have pronounced anti- 
detonating properties and permit of the use of high compression. The 
specific gravity of Blau gas varies between 1.04 and 1.08. Being slightly 
heavier than air, the gas flow's to tWh mixers by gravity. A slightly greater 
weight than air is an advantage also in that the loss in weight with con- 
sumption of the gaseous fuel tends to compensate for the loss of buoyancy 
due to leakage of hydrogen (or helium). 

The VL2 was adapted to gaseous fuel by making the throttle valve 
shafts of the Maybach carburetors hollow. There are four of these carbure- 
tors per engine, one to each three cylinders. From the bags containing 
the Blau gas, pipes lead into the valve shafts. An adjustment valve con- 
trols the flow of gas according to the throttle position. Another valve, 
inserted into the gas feed lines, permits a change from gaseous to liquid 
fuel or vice versa in a few seconds without stopping the engine. 

The specific consumption of liquid fuel at full load is said to average 
0.451 pounds per horsepower-hour. 

Maybach Mechanical Details. — The crankshaft which is shown at Fig. 
884 turns on seven main roller bearings and one combined main and thrust 
bearing. Lubrication is by spray. One oil pressure pump and two scav- 
enging pumps are provided, one of the latter at each end of the crankcase, 
so that the drainage may be caught at whatever angle the ship may tilt. 
The VL2 is a Vee-type engine and water cooled. There are one intake 
and two exhaust valves per cylinder, these being operated from a common 
camshaft between the banks of cylinders. Two Robert Bosch magnetos 
are carried for ignition. 
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The twelve cylinders are arranged at an angle of 60 degrees, in two rows 
of six cylinders each. Opposite cylinders are slightly staggered to permit 
two connecting rods to work on one crankpin side by side. Intake and 
exhaust valves are provided for each cylinder. These valves arc actuated 
by pushrods and rocker arms from one camshaft. Pistons are cast from 
a special light metal alloy and they carry four piston rings over the pin. 
The connecting rods are drop forged in one piece and carry the Maybach 
patented roller bearing assembly — the most important feature of the motor. 
This feature insures many thousands of hours of service without replace- 
ments. The complete connecting rods are slipped over the crankshaft from 
either end and secured in place by a pair of split fill pieces and two nuts. 
'This construction is shown at Fig. 885. 
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Fig. 884. — The Crankshaft and Connecting Rods of the Maybach VL2 Airship Engine. 

Note Anti-Friction Bearings Throughout. 

The bearing itself consists of an outer race in the connecting rod, eigh- 
teen steel rollers held m place by a bronze cage, an inner race, and two 
split rings which are pressed onto the rollers from the outside by fourteen 
spring packages. This allows them to roll, at all times, under the influence 
of the centrifugal force developed by the rotating bearing assembly. 
Thorough oiling of the connecting-rod bearings is effected by means of oil 
catchers which take their oil from jets and feed it to the bearings through 
large openings, t See illustration.) 

The crankshaft is a single piece of steel drop forged. It is machined all 
over, carefully balanced, and supported by seven strong roller bearings in 
the upper half of the crankcase. Counterweights are strapped to the throws 
of the crankshaft as shown in the photograph. The camshaft and magneto 
drive is worked by two gears on the after end of the shaft. These gears also 
drive the oil pressure pump, the two oil scavenging pumps, and the water 
circulating pump. The oil pumps are located in the lower part of the crank- 
case while the \*ater pump is attached to the outside of the case where it is 
conveniently accessible. The oil pumps have a cleverly arranged double 
set of dog clutches that operate alternately when the engine is running 
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either forward or in reverse. These pumps can be removed easily without 
removing any part of the engine. The greatest weight reducing factor of 
these motors is in the successful elimination of reverse gears. The revers- 
ing of these motors is accomplished by the shifting of the camshaft which 
brings a different set of cams into operation — thus these engines can operate 




in opposite directions with the same speed and power, whereas there is a 
loss of power through reverse gears that cannot be avoided. 

Electrical starting devices are not satisfactory on engines of this size 
and power. Therefore, an air starting system has been designed and 
installed. It consists of a distributor with two cams for forward or back- 



Reversible Airship and Marine Engine Type VL2. 
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ward starting, six airlines, and six automatic self closing air valves on 
each of the six cylinders on one side of the motor. A two-stage air com- 
pressor, attached to the forward end of the motor, restores the air in the air 
bottles. 'This compressor is controlled by means of a hand lever clutch. 
The upper half of the crankcase shown at Fig. 885 shows a very sturdy 
design in the seven main bearings which carrv the crankshaft. The bolts 
carrying the mam bearing caps run up through the light metal alloy case to the 
top — taking all strain off the casting. All auxiliary machinery like the 
fresh water circulating pump, magneto leverage for advancing and retard- 
ing the spark, reversing, starting, etc., are integral parts of the motor and 
assembled to the upper half of the crankcase. Manifolds, leading from the 
breathers oi the crankcase to the air intakes of the carburetors, take care of 
the exhausting ol the oil and gas fumes from the crankcase. This is a point 
of vital importance in the cooling of reciprocating parts and in freeing the 
engine car of all oil fumes and smell. The installation drawing at Eig. 886 
gives the main dimensions of the marine tvpe M a\ bach- Zeppelin motor 
but this is practically the same a^ the \ F2 used for the Graf -Zeppelin and 
other airships 

SPKClFIOVriONS M \ YH.U 1 1 AIRSHIP MOTOR 

Weight < » f complete motor, 220U II). -ISO lim M-pnui r, 2053 
i ill in. inches cvhmlrr ilispl.nenu.nl 
Nmnbci of cylinders, 12 
Pore, 5' j mi lies 
Stroke, 7 'n inches 

1 loi sepower at 1450 R P M , 4 SO 

Fuel consumption from 0 45 to 0 51 11> per hoi sepower an hour 
Weight pei horsepowei , 4 57 pounds 
40 horsepower tier iilmdei 

2 Robert Jiosih 12 m.ifun to^ operating m either direction 
2 plugs per cylinder, Robert Hosh t\pe Rile 

5 1 '• gallons of fresh water m cooling system 
Thermal efficiency, M> f /> 

1 intake valve pci cylinder, 2(»5 inches duimetei, 0 525 inch stroke 

2 exhaust y.ilvis pei evlmder, 1922 inches diametei, 0 25 stroke 
4 patent Maybach adjustable fireproof carburetors 

Dirigible Power Transmission. — Sometimes in dirigible balloon practice 
it is desirable to nioitnl two engines m one power car and to lucv e mecha- 
nism that Avill permit of driving one propeller with either or both engines. 
With a transmission system of this nature, which usually includes an inde- 
pendent clutch for each engine, in event of failure of one powerplant the 
propeller mas be driven b_\ the other. Sometimes using two engines is an 
operating advantage as under favorable conditions, part of the powerplant 
may he sluit-olT and disconnected from the propeller with an attendant fuel 
saving. The use of a clutch also permits of repairs being made on one 
unit of the i>owerplant. 

The transmission of the U. S. Army Tv pe RSI semi-rigid airship shown 
at Fig. 887 A shows the type of mechanism employed when two engines 
drive a single propeller. 'The forward engine drives the gear box by a 
separate driveshaft which extends along the crankcase of the aft engine as 
shown. A disengaging clutch is placed between the engine and the drive- 
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shaft flexible coupling. The aft engine is connected to the gear box through 
a clutch, coupling and a considerably shorter length of shaft. The gear 
housing contains reverse gearing for the rear engine and not for the front 
one because sufficient thrust is obtained for maneuvering in a reverse di- 
rection with one engine. This arrangement permits of starting one engine 



by the other is desired. The ratio of drive is twelve to live, i e., the engine 
shafts make twefve revolutions to produce five of the propeller. This 
makes possible the use of a large diameter, slow speed propeller of a form 
having efficiency characteristics specially adaptable to dirigible balloon 
propulsion. It is stated that the weight of such a transmission system, 
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including clutches, drive couplings and driveshaft is about 800 pounds. 

Dirigible Engine Clutch. — The clutch used with the engines of the 
Shenandoah is shown at Fig. 888. This is mounted at the rear ends of the 
Packard 1551 engines shown at Fig. 8 77 B and is interposed between the 
crankcase and the reduction and reverse gearing previously described and 
illustrated at P ig. 812. The clutch brake interposed between the clutch and 
gearset is utilized to arrest clutch rotation when gears are shifted or to 
stop the propellers in a horizontal position to obtain ground clearance, as 
shown at Fig. 874, which shows the actual power cars of an Army Type 
Semi-Rigid dirigible. The clutch disc driving member is in the form of a 
light wheel, this being necessary to insure smooth running of the engine 



when the propeller, winch normally provides a fl \ wheel action is declutched 
from the engine. A series of (lists are driven by the flywheel by integral 
key ways, this flywheel also serving as a clutch casing. The driven discs 
are mounted on a splined hub member that extends out from the casing 
and attaches to the driveway flange of the flexible coupling. The clutch 
discs or plates are pressed together by toggle linkage actuated by a sliding 
sleeve and the pressure transfer member is threaded into the pressure plate 
in such a way that it can be adjusted from the outside of the clutch casing 
to vary the pressure exerted by the toggle links. 

High-Speed Automotive Diesel Engines. — In a paper read before the 
S. A. E., Dr. Wilhelm Riehm, discusses the subject of automotive Diesel 
engines and while the engine he describes was designed for motor truck 
use, it is not likely that Diesel engines designed for airships will vary 
much in principle from those suited for automobiles. There will be a 
refinement in design to reduce the weight and liberal us® of high strength 
steel alloys will undoubtedly he necessary to obtain the reejuired resistance 
without too much weight. It follows that, because of the unfavorable 
properties of heavy oils for use with the explosion method, this fuel should 
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be utilized by the Diesel method; that is, injection of the fuel into highly 
heated air, with spontaneous ignition. The lower ignition point promotes 
spontaneous ignition, in this case, while the long boiling curve, due to the 
composition of the fuel, is necessary for quiet combustion. The sponta- 
neous ignition of the fuel in the working air, however, recpiires substantially 
higher compression than is customary in carburetor engines, and this leads 
to higher ignition pressures and greater stresses on the working parts. 


Driving flange 
reserve gear 



Courtesy U S Navy Bureau of Aeronautics 
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Fig. 888. — The Clutch Mechanism and its Parts Used in the U. S. S. “Sheta^ndoah” 

Transmission System. 


The question may he asked whether these higher stresses are such that, 
because of the more rugged construction required, the weight of a light 
engine operated on the Diesel principle would be appreciably higher than 
that of the carburetor engine. If this question is to he answered first 
respecting the working parts, this must be done on the basis of the maxi- 
mum pressures. In the case of carburetor operation, in which the explo- 
sion pressure cannot be controlled whth the same certainty as in Diesel 
engines, the maximum pressures have been up to 2«S atmospheres or more in 
recent designs. When using the Diesel principle, a combustion pressure 
of 42 atmospheres may generally be assumed for high-speed engines. 

The diameter of the connecting rod is governed by the maximum cylin- 
der pressure, increasing w r ith the fourth root of the pressure. Hence, rais- 
ing the pressure 1.5 times increases the diameter of the connecting rod ten 
per cent and its weight about 21 per cent, pre-supposing a connecting rod 
of circular cross-scction. The dimensions of the crankshaft are based upon 
the maximum tangential pressure at a crank angle of 30 to 35 degrees, and 
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the crankshaft must he four to five per cent heavier than in the carburetor 
engine. 

Because of casting and manufacturing considerations, the Avail thickness 
of cylinders, cylinder-heads, pistons and crankcase generally are so heavy 
that they will not need to he made heavier for the higher ignition pressures. 
The fuel-mjecting device provided instead of the carburetor also can he 
very light, so that the Diesel engine will aa cigh only ten to fifteen per cent 
more than a carburetor engine <>f ihe same cylinder displacement. Since, 
in the vehicle engine, the a\ eight is always related to the attainable power, 
one must investigate also how the power will compare in the carburetor 



Fig. 889. — Cross Section Showing Construction of M.A.N. Automotive Diesel Oil 
Engine, Showing Fuel Injection Apparatus. The Fuel Pump (a) Supplies the Fuel 
Injection Nozzle (c) by Oil Pipe (b). 

engine and the Diesel engine for the same cylinder displacement. The 
power depends on the attainable mean effective pressure and the highest 
practicable speed. Carburetor engines usually attain mean effective pres- 
sures between six and seA en kilograms per square centimeter (85 to 100 
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pounds per square inch). In Diesel engines that have been in satisfactory 
operation on cars for years, mean effective pressures lip to six atmospheres 
(88.2 pounds per square inch) are obtained normally with good combustion. 
At lower speeds, mean effective pressures greater than seven atmospheres 
(102.9 pounds per square inch) can be attained for short periods. On the 
whole it can be said that the Diesel engine will hardly fall below the 
average carburetor engine in driving torque though some carburetor en- 
gines will show a performance very much above the average. 

Whether greater limitations are imposed upon the speed range of the 
Diesel engines cannot be decided now, but, with the same normal speed, 
the lowest speed at which the engine will ignite regularly probably will be 
the same as for the gasoline engine. Also the upper limit of around 2,000 
r.p.m., required for auto engines, probably can be reached without diffi- 
culty. From this it follows that, with the same cylinder volume, approxi- 
mately the same power will be given by the Diesel engine as by the 
carburetor engine and the weight will be from ten to fifteen per cent 
greater for the Diesel engine. 

Diesel Fuel Supply Important. — T he main consideration in Diesel en- 
gines for various automotive uses is in the method of fuel supply. Air 
injection, which has been previously described, is not suited for an engine 
that is to be light in weight because the compressor and air storage intro- 
duces considerable extra w eight. 1 hesel engines of the airless injection type 
are best adapted for automotive work. There are two main systems, one 
known as the ante-chamber sxstem; the other is the pressure atomization 
system. Ante-chamber injection ha* as its mam feature a chamber placed 
ahead of the working chamber into which the fuel is injected and partially 
burned. In such engines the compression is about 35 atmospheres and 
combustion pressure 40 atinosphetes In the pressure atomization 
method the fuel is injected directly into the combustion space. The in- 
jection device requires v erv accurate timing and to secure even approxi- 
mately perfect combustion, a definite and precise relationship must be 
secured between injection time and the piston travel. Ante-chamber 
engines must be provided with n Spring loaded needle valve controlled by 
fuel pressure and these \al\es are delicate in construction and some parts, 
the needle tip and valve seat in the nozzle are subjected to considerable 
w T ear. The pressure-atomizer system is simple because an open nozzle is 
used and the only moving parts subject to wear are in the fuel pump. The 
pressure-atomizer engines are easier to start while ante-chamber engines 
must use ignition cartridges, electric heating coils or other devices to 
facilitate starting. 

In the M.A.N. four-cycle car-engines, which have been used extensively 
during the last two years for the propulsion of vehicles, the pressure- 
atomizer system has been given preference. According to conditions, either 
two opposing nozzles or a single nozzle can be employed. Also the whirl- 
ing of the combustion air can be utilized to impart a circular motion to 
the charge. 

l r ig. 889 is a section of an M.A.N. fuel-injector engine. ]\y means of a 
cam-operated pump a the fuel is taken in and forced through the open nozzle 
into the combustion-chamber under a pressure of 3CX) atmospheres. The 
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simplicity of this arrangement is striking. The lateral injection results 
in a particularly simple construction of the cylinder-head, it leaves room 
for large valves, and it offers special advantages in car engines because of 
the convenient location of the nozzles. A particularly favorable feature is 
that there is no chance for the formation of air pockets because the fuel 
rises constantly from the pump to the combustion space. 

M.A.N. Fuel Pump. — The fuel pump for a four-cylinder engine is cast 
in one block, for a six-cylinder there are two blocks of three cylinders each. 
Admission control is effected by opening a bypass valve during the delivery 
stroke of the pump, releasing pressure in the delivery pipe. This occurs 
early in the stroke when the engine is running light and late when run- 
ning under load. The instant the overflow valve acts, the check valve of 
the fuel pump closes under spring pressure and the pressure prevailing in 
the engine cylinder. The fuel pump construction is shown at Fig. 890. To 
provide regulation of both power and ignition tune the motion from cam 



Fig. 890. — Sectional Drawing Showing the Construction of a Fuel Pump Serving a 
Four-Cylinder Automotive Diesel Engine. Note Engine Governor Mounted in Oil 

Pump Drive Gear. 


i is transmitted through two levers j, k, which are fulerumed on eccentrics, 
to the pump plunger 1. Eccentric m of the lower lever causes a practically 
horizontal displacement of the roller on the earn and thus an earlier or later 
stroke of the plunger; in other words, early or retarded ignition. Eccentric 
n of the upper lever is shifted in an almost vertical direction, and thus 
changes the clearance between the setscrew p, in the lever, and the bypass 
valve q, in the pump body. The end of the useful stroke of the pump is 
governed by lifting the bypass valve off its seat sooner or later in the 
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stroke, according to the position of the upper eccentric. The fuel admission 
of the different cylinders will he uniform if the clearance between the over- 
flow valve and the setscrew is the same, in the same relative crank position, 
for all cylinders. This also provides a very simple adjustment for the fuel 
pump. The fuel is taken in through a spring-loaded suction-valve above 
the pump plunger, which can be withdrawn upward for regrinding. In 
the two-spray arrangement, the check-valve is located in the fitting where 
the pipes branch off to the two nozzles. In the head of the fuel pump there 
is supported a shaft o, which, by means of staggered eccentrics, renders one 
or more of the cylinders inoperative by depressing the suction valves, so that 
the driver can determine while running whether the load is evenly dis- 
tributed among the cylinders, or which cylinders are operating less effec- 
tively. The control rod from the governor mounted in the drivegear 
passes through the pump camshaft and actuates the upper eccentric through 
a bell-crank and a rack. The valves and pump plungers are hardened 
tool-steel and the pump liners are cast iron. 

GASOLINE ENGINE 

DIESEL ENGINE 


No Magnetos, Wiring or 
Spark Plugs 
No Radio Interference 

Fig. 890A. — Diagrams Showing Elimination of all Wiring on Compression Ignition 

Engine. 

The high-speed Diesel vehicle engine first sold by the M.A.N. has 115- 
millimcter cylinder-bore and 180-millimeter stroke (4.53 by 7.09 inches). 
It is built with both four and six cylinders, and delivers 45 and 68 horse- 
power respectively, at a speed of 1,000 r.p.m. The weight of these engines 
is ten kilos (22 pounds) per horsepower. This type of engine, which is 
suited and has been used for many different purposes, is illustrated in Fig. 
891. The crankshaft of the four-cylinder engine has three roller bearings, 
and that of the six cylinder has four roller bearings. In the aluminum 
crankcase are separate camshafts for the inlet and exhaust valves. The 
cylinders of the four-cylinder engine are cast in block and those of the six- 
cylinder engine in pairs. Cylinder-heads are attached to the cylinders by 
studs. Aluminum pistons are used and there are dust-proof aluminum 
covers over the engine, as shown in the photographs. It will be apparent 






Fig. 891.— The M.A.N. Automotive Diesel Engine. View at Left Shows Water Pump and Generator; Illustration at Right Shows the 

Fuel Pump and Injection Nozzles. 
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that the weight must be greatly reduced to make engines of this type suited 
for airships. 

A starting motor usually is provided with the engine, but for manual 
starting the exhaust valves can be raised from their scats. For starting 
after the engine has been standing idle in the extreme cold, air must be 
preheated for reliable ignition. The inlet pipe is provided with a butterfly 
valve to throttle the cold air while the engine is running idle or light, heated 
air being draw n from the exhaust pipe. The starting motor and generator, 
as shown in the illustration, arc built outside the casing. The engine can 
be modified also for starting with compressed air. 

Other models w ith greater power, 50 and 1(X) horsepower per cylinder 
at 700 r p m , are under construction, but no details of these are now avail- 
able. 
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Fig. 892. — Curves Showing Fuel Consumption of Automotive Diesel Engine. The 
Metric Horsepower Shown in the Curves is 1.4 Per Cent Less Than English 
Horsepower. The Tests Were Made with a 4.53 Inch Bore and 7.09 Inch Stroke 

Engine. 

Exhaustive experiments on the test block have given a rather clear idea 
of the suitability of engines of this type for automotive use, and of their 
efficiency. Results of fuel mcasufcineut at different speeds on the 115 by 
180-milliineterx (4.53 by 7 09 inches') size, with injection through two lateral 
nozzles, are shown in Fig. 862. These tests were made w ith a fuel having 
a rather low heal value of 0/)30 calories. The specific fuel-consumption, at 
all speeds used, ranges between 200 and 215 grams (0.44-0.47 pounds) per 
horsepower hour, this being low er than the best \ allies for gasoline engines. 
Compared with carburetor engines, the fuel consumption is \ery low over 
a long range of partial load, a fact that will he found particularly favorable 
for car propulsion w here very low and medium loads are frequent. 

The fuel used for the engine is a high-grade gas-oil, a pure distillate, 
free from crude-oil residues or the like. Among other suitable fuels are 
certain low-viscosity crude-oils, lignite tar-oil and shale oil. When the 
engine is used for driving vehicles, especially in large cities, a very light 
gas-oil having a boiling point not over 320 degrees C entigrade (608 Fahren- 
heit) is considered preferable, to prevent objectionable odor from prolonged 
idling of the cold engine, or from improper adjustment of the injector or 
the fuel pumps. 
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Owing to the high thermal efficiency, the volume of heat carried off by 
the cooling water is somewhat lower than in the carburetor engine. This 
property of the Diesel engine permits the use of a radiator smaller than is 
usual. Oil consumption is just as low as that of good carburetor engines, 
and the quality of the lubricating oil required is the same. 

Saurer-Diesel Engine. — Automotive Diesel engines for trucks have been 
experimented with for a number of years by the Adolphe Saurer Co., of 
Arlon, Switzerland, and have been described and illustrated in Automotive 
Industries. 



Fig. 893. — Cross Sectional View of the Saurer-Diesel Type Motor Truck Engine 
Which Weighs About Ten Pounds per Horsepower. 

The final type of Saurer engine w ill be a six-cylinder, four-cycle of 110 
by 150 millimeter bore and stroke. This engine was produced nearly a year 
ago as a gasoline type, but the design was laid out in such a way that prac- 
tically all the essential parts could be used also for the Diesel model. Great 
rigidity is obtained by having cylinders and crankcase in one casting, this 
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casting* also comprising the timing gear housing at the front, inclosed by a 
cover plate which carries the water pump and the ventilator fan. This latter 
has an oil-less Silentbloc bushing. The crankshaft is a built-up type carried 
in seven roller bearings, fitted with a vibration damper. The camshaft is 
carried in cast-iron bearings in the cylinder block and the valves are vertical 
in the head and operated by push rods and rockers. This engine develops 
105 horsepower at 1,600 r.p.m., but recently, for a motor coach competition, 
was speeded up and made to develop 130 horsepower. It weighs 1,320 
pounds or about ten pounds per horsepower. 



Fig. 894. — Details of Combustion- Chamber of Saurer-Diesel Automotive Engine. 

As a Diesel type the essential parts of the engine remain unchanged, 
but a special head is used, with the normal valves, and mounted on the 
head is a bottle-necked spherical ante-chamber. As will be seen from the 
drawing. Figs. 893 and 894, air is compressed into this chamber, the volu- 
metric ratio being 15.5, giving a theoretical pressure of 32 atmospheres, 
or 470 pounds per square inch. Fuel is injected into the ante-chamber, 
the flow being in the same direction as that of the air, which is contrary 
to the practice of certain German manufacturers of Diesel engines, who 
adopt the system of opposing currents. While the cylinder barrels and 
head are water cooled in the normal manner, the steel ante-chamber has no 
water jacket, and is held down by studs which allow for expansion. The 
six ante-chambers are all inclosed by an aluminum cover plate. 

A pump, driven off the same shaft as the electric generator, lias six 
pistons with an invariable stroke but a variable delivery of fuel. In addition 
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to a reciprocating- motion, the pistons can be rotated on their axis by means 
of a hand control, thus cutting off the flow of fuel. Delivery always begins 
at the same point, which is probably 40 degrees before upper dead center, 
but the flow is cut off earlier or later according to engine speed. The fuel 
is injected into the ante-chamber at a pressure of 60 atmospheres. 

Operation of this engine is no more complicated than that of the gaso- 
line type, the only control being the throttle, which in this case regulates 
the cut off of the fuel supply. Jt is both foot and hand controlled. 

Weight of the Diesel engines is practically the same as that of the gaso- 
line model. Power output of the former is, however, about fifteen to 
sixteen per cent less than that of the latter. Tn the case of the existing four- 
cylinder Saurer engines, having a bore and stroke of 110 by 180 millimeters, 
the power output is 52 horsepower at 1,200 r.p.m. w hen running on gasoline 
and 44 horsepower as a Diesel. Although go\ erned to this speed, the Diesel 
will run up to 1,600 or 1,800 r.p in. Another disad\ antage is the difficulty 
of starting up from cold with the high compression ratio employed. At 
present the engines are warmed with hot water, an electric starter is used 
to swung them, and the charge is at first ignited by a hot plug through 
which an electric current is passed. 

The proved advantages are much lower fuel cost, the ratio of costs, 
with fuel bought oil the Swiss market, being five and one. It is claimed that 
the gas oil consumption on the Saurer- Diesel is 0.52 pounds per horsepower 
hour. The Saurer truck having a total weight of 8 1 1 > tons, of wdiich 3j/» 
tons constituted useful load was used for testing purposes and averaged 
just over nine miles to the gallon of gas oil, when running whh full load, 
and improved this to thirteen miles to the American gallon when running 
without load. The gasoline motor of the same size, fitted in the same truck, 
averaged 6.7 miles to the gallon with full load and only improved this to 
7.7 miles to the gallon when running light. It is stated that there is a 
greater degree of flexibility with the Diesel engine than with the gasoline 
type. The former could he started away under full load on third gear (a 
four-speed transmission wxis fitted); it would throttle down to four miles 
per hour, and it accelerated from 4.3 to £4.8 miles per hour in 62 seconds. 
The intermediate and final gear ratios were exactly the same on the two 
chassis. The cooling arrangements were the same on the two models and 
w^ere fully adequate for long climbs on eighteen per cent gradients calling 
for the use of bottom gear. 

Improved Air-Fuel Mixture Method. — 1\ Ernst Bielefeld waiting in 
Automotive Industries describes a new method of air-fuel mixture that will 
result in more rapid hurtling and make higher speeds possible, in a paper 
presented to the Association for Fuel Engineering in Berlin on December 
6, 1927, Wa. Ostwald reached the conclusion that “it seems equally promis- 
ing to develop the carburetor-type engine to operate at higher compression 
ratios and partial combustion at constant pressure, and to develop the Diesel 
engine to operate at lower compression ratios and partial combustion at 
constant volume. Practically speaking, this would lead to a high-speed, 
medium pressure engine with pronounced pre- and aftQr-combustion. It 
would' almost seem as though it might combine fuel and engine to an 
economic optimum." 
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Whether the views of Wa. Ostwald are correct in every particular only 
the future can tell. It is open to question whether preignition (pre- 
injection of the fuel) is always necessary. There is at least one method of 
operation which does not call for such injection ahead of the dead center. 
This is the new method of operation for Diesel engines known as rapid 
combustion with high atomization or the introduction of oil vapor with 
simultaneous positive supply of air to the fuel. 

It is a fact that the combustion efficiency of a Diesel engine depends 
to a large extent upon the rapidity with which the combustion is completed. 
The more rapid the rate of combustion the shorter the tune during which 
there are heat losses. The more highly atomized the fuel when it enters 


B 



Fig. 895. — View at A Shows Bielefeld Injection Valve for Production of an Oil Fog. 
B is a Diagram of Bielefeld Diesel Engine Air Chamber with Cross Flow of Air and 

Fuel Currents. 

the combustion-chamber the more rapidly the combustion can be com- 
pleted However, when the fuel is so finely atomized that it is almost 
gaseous, it is impossible, even with the highest pump pressures, to give 
the jet such penetrating power that it will penetrate a flat combustion- 
chamber from an injection nozzle located in the center of the head. 

It is therefore necessary to look for new means of carrying through the 
combustion in the short time available and in spite of the difficulty referred 
to. The air must be positively brought into contact with the fuel, in such 
a manner that every particle of fuel almost immediately comes in contact 
with the amount of oxygen necessary for its combustion. It is quite possi- 
ble to carry out this plan in a Diesel engine. 

First of all there is required a small poppet valve shown at A, Fig. 
895, the lift of which is almost infinitesimal, and which is opened auto- 
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matically by the high pressure of the fuel oil. The combustion-chamber 
of the new engine as shown at B, Fig. 895, is of entirely different shape from 
that in the usual Diesel engine. It is divided into three sections. Above 
the piston head there remains a flat, disc-shaped space, the clearance space. 
The depth of this space is dictated by practical considerations, among which 
may be mentioned the increase in length of the piston with rise of tempera- 
ture, as well as that of the connecting rod and crank arms. This clearance 



Fig. 896. — Cross Sectional View of the Dorner Constant Volume Diesel Engine. 

space communicates on top Avith a neck. The injector valve extends close 
up to this neck. Above this neck there is the air storage space, so called 
because nearly the whole of the air necessary for combustion is stored in 
it. As soon as injection of the fuel begins the air is forced from the air 
storage space by an auxiliary piston, while at the same time the working 
piston begins its poAver stroke. As the working piston proceeds on its 
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downward stroke it increases the clearance space. Fuel is injected in such 
manner that it almost touches the wall of the neck. Therefore, an oil fog 
is spread in the neck of the combustion-chamber and a cross-flow 1 of air 
and fuel currents is produced, forming a “fog net” in the neck of the com- 
bustion-chamber. Air driven through this oil fog by the auxiliary piston 
results in more rapid burning and makes higher speeds possible. 

Packard-Dorner Diesel Aircraft Engine. — A Diesel engine, for the first 
time in history, became the motive power of an airplane on September 19, 
1928. Actual test flights w ere made on that day by means of a 200 horse- 
power nine-cylinder radial air-cooled Diesel aircraft engine developed by 
the Packard Motor Car Company. The new motor was designed by ( ap- 
tain L. M. Woolson, Packard aeronautical engineer, in collaboration with 
Dr. Hermann Dorncr, one of the foremost Diesel engine authorities of 
Germany. Mr. Adolph Widmann also assisted. The work was carried on 
under the direction of Col. [ G. Vincent, \ ice-president of engineering of 
the Packard company. Walter Lees was the pilot and Captain Woolson 
a passenger in the first flight made at the Packard company’s proving 
grounds at Detroit, flu* plane was a Stinson-Dctrmtcr ship of regulation 
type. In view of the keen interest which this great event has justifiably 
aroused, the general engineering basis underlying the aeronautic Diesel 
engine is summarized in the following paragraphs, which are reproduced 
from Oil Rmjine Power for November, 1928. Although the exact construc- 
tive details of the radial engine are not being made public at this writing, 
it is assured that the Diesel combustion cycle as commonly understood w r as 
considerably modified in its design and operation in order to make possible 
a sustained output of 200 horsepower from an engine having only 600 
pounds of metal w'ciglit. An engine which was designed by Dr. Dorncr 
and built by Jiidcl, Stahmer N. P.rijchsal embodies the new' principles of 
operation and design which are regarded as characteristic of the new 
Packard engine and is show n at Eig. 806, though it does not represent the 
actual Packard engine, only the principles on w hich it is based. 

The Dorner Diesel Principle. — Professor Dr. lug Kurt Neumann gives 
an exhaustive mathematical analysis of the new method of applying the 
Diesel principle and supplements it with elaborate test data obtained from 
a Dorner J5ii engine operated in accordance therewith. Among the 
radically new departures illustrated by these results are the attainment 
of 95.5 brake m.e.p. at 1,000 r.p.m. in a 3.76 inch by 6.29 inch cylinder oper- 
ated at 1,000 r.p.m. 30 per cent thermal efficiency corresponding to 0.479 
fuel consumption; air fuel ratio of 1.21 :1 ; exhaust temperature 1057 degrees 
Fahrenheit. These are some of the factors upon w-hich the present 
reality of the flying Diesel engine is considered to be based. 

In its general features the engine follows more or less stereotyped 
automotive lines; it will however serve the purpose of giving concrete 
embodiment to the new principles regarded also as the basis for the 
Packard-Dorner radial aeronautic engine. Kor the sake of maintaining 
absolute accuracy in the timing of injection it will be noted that a separate 
camshaft is provided for the fuel pump, while the camshaft for operating 
intake and exhaust valves is located on the opposite side of the engine. In 
view of the fact that the engine is operated with constant-volume combus- 
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tion precision in the control of injection timing is of considerably greater 
importance than in those designs when the use of mixed cycle combustion 
predominates. Further precautions for keeping the combustion confined as 
early as possible to the dead center are apparent in the cross section of the 
fuel pump and its drive shown at Fig. 897. The pump cam has a straight 
tangential rise of unusual length, while the method of altering the fuel pump 
stroke is such as to maintain constant lead and duration of injection for 
all loads. This is accomplished in the well-known manner by traversing 
the end of the pump push rod over a cam-roller guide-link having a contact 



Fig. 898. — The Dorner Spray Nozzle Which is at the Top of and Adjacent to the Fuel 
Pump. Relationship of Parts to Pump Shown at Fig. 897. 

• 

surface with a radius struck from the upper end of the push rod as a 
center. The further the roller JL is moved away from the center O, the 
greater the effective stroke of the pump. The motion of the guide link 11 
of course, remains unaffected, so that it always begins and ends its upward 
travel at the same crank-angles. The same is true of the pump plunger 
only the length of its travel is regulated. No suction valves are fitted to 
the pump, which draws in fuel by vacuum when the plunger P uncovers 
the drilled hole S at the lower end of its travel. Fuel enters through the 
horizontal passage marked llrennstoffeintritt immediately above winch is 
located the air-vent (entuftung). Discharge valves consist of two spring- 
loaded hardened steel balls marked V, as may be seen from the enlarged 
cross section of the spray nozzle. The latter is mounted in the side of the 
cylinder very close to the discharge from the fuel pump, so that the dis- 
turbing effect of # any kind of tubing and connections is eliminated. Were it 
not for this feature it is not probable that the requirements for constant 
volume combustion could be met as satisfactorily as the performance 
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of the system has indicated. The spray valve is of the poppet type that is 
opened towards the combustion space by the pressure of the fuel. Owing 
to its light weight and the extremely close connections between it and the 
fued pump, it is estimated that its action follows the pump cam with a high 
degree of precision. 'The simplicity and general lack of special shapes in the 
combustion space will undoubtedly come as a surprise to those engineers 
who have regarded special contours of combustion spaces as indispcnsible 
requirements of all airless injection systems. The only irregularity con- 
sists in a shallow notch on one side of the dished piston crown; its purpose, 



Fig. 898A. — Comparing Indicator Diagrams of High- and Low-Speed Diesel and Gaso- 
line Engines. 

however, is merely to provide an unobstructed path for the spray, rather than 
to set up air turbulence or to affect the combustion process in any other spe- 
cial way. Apparently the sudden pressure rise incident to the constant- 
volume combustion system is sufficient to create all needed turbulence, 
at least if with a 90-pound m.e.p. at 1,000 r.p.m., as was shown by careful 
measurements made at variable r.p.m. 

Reduction in the weight of the Diesel engine to three pounds per sits - 
tuiurd horsepower is illuminated by the thorough mathematical research 
of Professor Neumann already referred to. Whereas lower weights have 
been quoted for Diesel engines on the basis of output hoped for or attained 
with difficulty for short periods of time, the rating attainment of the Dnrner 
engine was such as to stimulate an exhaustive analysis ultimately confirmed 
by test-bed results. Although it is impracticable to give a complete account 
of the work in these columns, it may he briefly indicated that they hinge 
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on applying the constant-volume combustion principle to the limit, regard- 
less of consequences so far as maximum firing pressures are concerned. 

Bearing loads and stresses in engine structures have hitherto deterred 
Diesel technologists from a thoroughgoing application of the constant- 
volume principle, although its effect in improving combustion and specific 
output attainable with combustion partially at constant pressure were 
known in a general way. Jt was argued that the resulting high pressures 
would compel designers to use heavier engine parts to withstand the 
forces and that weights would be unduly increased. Professor Neumann, 
however, shows that the constant-volume principle permits of increasing 
the mean effective pressure to such an extent that the extra horsepower 
gives good promise of overbalancing the additional weight as was con- 
firmed by the Packard results. 



Fig. 898B. — Diagram Showing Indicated Thermal Efficiency of Diesel Engine. 

The excess air ratio measured on test by means of a gasometer illumi- 
nate the performance of the 1 )orner engine from another angle. At full 
load the ratio of air drawn into the engine to the quantity theoretically 
necessary to burn the fuel injected was only 1.21:1. This figure gives a 
clear indication regarding the degree of material utilization characteristic 
of the engine and goes far towards explaining why it was the first Diesel 
engine type that ever took to the air. 

Junkers Aircraft Diesel Engine. — Reference has been made to the Junk- 
ers-Diesel engines built for airplanes and airship use and several modern 
designs embodying the Junkers principles have been described in preceding 
chapters. Readers will be interested in the simple diagrams at Fig. 899 
which show one of the designs experimented with by Professor Junkers at 
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Aachen, Germany, during the war. Jn this type, there are two c/ankshafts 
carried at the ends of Lhe cylinders, one at each side of the motor with the 
cylinders between them. The cylinders each have two pistons and each 
piston is connected to its own crankshaft by the usual connecting rod. 
'I'he engine shown is a four-cylinder form, there being a supplementary 
air pumping cylinder that also carries two pistons mounted at one end. The 
crankshafts are made to revolve in unison by a train of spur gears, a central 
gear having a projecting shaft to drive a propeller. The two pistons in 
each cylinder working in opposite directions, uncovered inlet and exhaust 



SNGLE CARBURETOR- 


'-ROTARY 
DISTRIBUTOR 

GASOLINE ENGINE / CHESEL ENGINE 

^NME INDEPENDENT FUEL PUtf>S 


Fig. 898C. — Diagrams Comparing Fuel Supply of Diesel Radial and Gasoline Radial 

Engines. 

ports near the end of their stroke. The exhaust port was uncovered 
first, and when the inlet port was uncovered, a compressed charge 
of air was forced through the cylinder by the integrally mounted scaveng- 
ing | lump, thereby practically clearing it of all burnt gases. Due to the 
excellent scavenging, good inertia balance, and absence of restricted valve 
area, it appears possible that Diesel engines of this type may be made to 
run at high speed and develop high mean effective pressures. 

The weight-horsepower ratio can be made quite favorable because high 
resistance metals can be used, even though two sets of pistons, rods and 
crankshafts are necessary. Jt should be remembered that a four-cylinder 
engine of the type shown, because it operates on the two-cycle principle 
gives four impulses each revolution of the crankshafts and in turning torque 
it is equal to an eight-cylinder four-cycle engine which would have the same 
number of pistons and connecting rods. The cooling system was reported 
to be very effective. Working surfaces of the cylinders were completely 
surrounded by cooling water, and the pistons contained a cooling fluid 
that was said to greatly assist in the transmission of the heat from the head 
to the skirt where it was given up to the cylinder walls. Fuel supply was 
by injection pumps through spray nozzles of the simple t^pe. One of the 
early four-evlinder engines developed in the Laboratories of Professor Junkers, 
was said to have developed 200 horsepower at 1,000 r.p.m. and to weigh 
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about 3.5 pounds per horsepower. The overall dimensions were as follows : 
length 52 inches, width 61 inches and height eighteen inches. A six-cylinder 
engine is also said to have been built experimentally, this would gi\e the 
same number of explosions per crankshaft revolution as a twelve-cylinder 



four-cycle engine. The flat form of the engine makes it particularly well 
suited to installation inside of the Junkers thick wing section when used 
for airplanes anjf the writer feels safe in predicting that this form of engine, 
now undergoing intensive development, will be mounted inside the wings 
instead of outside. 
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Aeronautical Diesel Engines. — Captain L. M. Woolson, Aeronautical 
and Research Engineer for the Packard Motor Car Company, read a very 
instructive paper before the S.A.E. on the subject of Aeronautical Diesel 
Engines and outlined some of the advantages and experiences that his 
company found in developing and testing such an engine in co-laboration 
with l)r. Dorner, a German engineer of high standing who lias had a wide 
experience in Diesel engine design. Captain Woodson stated that it has been 
assumed in many quarters that the high maximum cylinder pressures 
encountered with the high speed Diesel principle militated against suffi- 
ciently light engine construction to permit its usage for aircraft power- 
plants. That this fear is unfounded is perhaps best proved bv the fact 
that the Packard-Diesel aircraft engine, weighing less than three pounds 
per horsepower, has been subjected to considerable flight testing as well as 
several hundred hours of ground testing, and a construction has been 
evolved which is fully capable of withstanding cylinder pressures well in 
excess of 1,200 pounds per square inch without having recourse to exces- 
sively heavy construction. 

Departures from conventional aircraft engine design were, of course, 
required in many instances, but in general the result has been achieved by 
utilizing materials of the kind best suited to cope with the respective 
stresses and proportioning the structure in a manner calculated to secure 
maximum strength with minimum weight. As a typical example, it has 
been necessary to forego the use of the light cast alloys where subjected 
to alternating stresses, due to the low impact value of such material. 

While the Packard-] hcsel engine has been successfully flight tested as 
well as shop tested, evidently it is not perfected to the point where it is 
commercially applicable to all types of aircraft and as no details or illus- 
trations of the Packard-Diesel engine \v ( “ rc given, it is safe to assume that 
its makers were not ready to announce its perfection or availability to the 
trade at the time of presentation of the paper in December, 1928, and that 
more development work must be done. 

Aeronautical Oil Engines Not True Diesel Types. — It is perhaps not 
generally recognized that the Diesel engine operating on the constant 
pressure cycle is limited by that very restriction to comparatively low-speed 
operation. All combustion phenomena taking place in intcmal-comhustion 
engine operation require a definite time for their completion. Now it is 
perfectly obvious that any engine suitable for aircraft propulsion must be 
of the high-speed type. ]t must operate at speeds in excess of 1,400 or 
1,500 r.p.in. in order to begin to compete with existing gasoline aircraft 
powerplants. Granting then that a practicable Diesel aircraft engine must 
run at speeds five or six times as fast as the stationary or marine type of 
Diesel powerplants, whereas the ignition time lag is substantially the same 
in either case, it can be readily seen that the high-speed engine demands 
a different type of combustion than the low-speed Diesel. Indicator dia- 
grams comparing high- and low-speed Diesel engines with the gasoline 
engine are given at Kig. 898 A. 

Fuel injection in the high-speed Diesel must start as* early as 50 de- 
grees before top dead center in order to insure complete and smokeless 
combustion, whereas in the low-speed Diesel fuel injection usually starts 
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about ten degrees before top dead center and continues until about 32 
degrees past top dead center. 

Now in the case of the high-speed Diesel, when ignition starts considerably 
ahead of top dead center, the cycle of operation does not materially differ 
from that of the gasoline or explosion engine, the spark of which is timed 
to occur at substantially the same point in the piston stroke that the fuel 
injection of the high-speed Diesel is timed to start. There is, of course, 
this important difference that when the spark takes place in the gasoline 
engine all of the fuel charge is contained in the cylinder, whereas when 
ignition starts in the high-speed Diesel engine only a small percentage of 
the fuel charge has already been injected. This latter condition enables 
the designer to control the pressure rise within the cylinder within certain 
limits. 

Now since the high-speed compression-ignition solid fuel injection air- 
craft engine referred to throughout Captain Woolson’s paper is termed a 
Diesel engine, an explanation might be in order to satisfy the criticisms of 
those who strenuously oppose the use of the term “Diesel” as applied to 
engines which do not operate on the true constant pressure cycle. Authori- 
ties the world over have sought to differentiate between the Diesel cycle 
and the so-called dual or mixed combustion cycle or Sabathe cycle in which 
the fuel is burned partly at constant volume and partly at constant pressure. 
The high efficiency of the mixed c\cle has also been proved in a practical 
fashion by specific fuel consumption readings as low as 0.35 pound per brake 
horsepower per hour Avhich ha' e been obtained both bv Rritish experiment- 
ers and Dr. Dorncr. Incidentally, it is interesting to note that, as num- 
erous authorities have pointed out, an improved thermal efficiency results 
from the use of the mixed cycle rather than the original Diesel constant 
pressure Cycle. The efficiencies olJtaincd by burning fuel at constant vol- 
ume, according to Tricber are given in diagram Fig. 8 f )8 IF 

Factors Making for Greater Reliability. — Captain Woolson, after dif- 
ferentiating between the true Diesel cycle and the mixed combustion cycle 
found practical for aeronautic use, then made comparisons with gasoline 
engines on the basis of reliability. The Diesel engine scores heavily in 
respect to the two most important accessories of the internal-combustion 
engines, namely, ignition and carburetion or fuel supply systems. 

Considering first the question of ignition reliability, in a nine-cylinder 
radial engine, there are necessitated two independent sources of ignition 
current whether of the battery or magneto type, two drives for these sys- 
tems, eighteen high tension wires, eighteen sparkplugs and an ignition 
switch, comprising an aggregate of perhaps 1,000 individual parts. The 
Diesel engine ignition is furnished solely by the compression of the air 
charge and necessitates merely a smaller clearance volume in the cylinder 
as compared with the gasoline engine. No additional parts of any kind 
are required and continuous ignition is assured just as long as the engine 
is operating, whether it be for one hour or 1,000 hours. Furthermore, the 
ignition system of each cylinder is entirely independent of that of the others 
so that the nin%-cylinder radial Diesel can be said to have nine individual 
ignition systems, whereas the gasoline engine of similar type is dependent 
Upon the functioning of two independent systems, each comprising a great 
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many frail parts subject to failure, not forgetting the possibility of the 
sparkplugs failing to function due to the presence of carbon or oil on their 
surface. 

Comparing the two types of engines now from the standpoint of fuel 
charge supply. Fig. 8^8 C illustrates the next important advantage of the 
Diesel engine in that each cylinder is furnished with an individual injection 
system, whereas the conventional nine-cylinder gasoline aircraft engine is 
dependent either on a single carburetor or on a triple-barrel carburetor. In 
the case of the single carburetor installation, this is usually complicated 
still further by the need for a rotary distributor of some kind or a low 
pressure supercharger intended to improve the distribution. 

Lubricating Oil Burned Instead of Carbonized. — Captain Wool son then 
brought out the fact that any excess of lubricating oil in a gasoline engine 
combustion chamber is naturally considered extremely undesirable, as the 
temperatures on the walls are not sufficiently high to burn the oil com- 
pletely, resulting in the formation of carbon and trouble with sparkplugs 
from this source, whereas in the Diesel engine the temperatures are con- 
siderably higher and, there being invariably ail excess of oxygen available, 
perfectly clean combustion of lubricating oil follows. While excessive oil 
consumption in a Diesel is naturally to be avoided owing to the high cost 
of lubricating oil as a fuel, nevertheless it is interesting to realize that so 
far as the total weight of the oil consumed is concerned it matters \ cry little 
whether this consists of lubricating or fuel oil, so far as miles per pound 
of oil earned is concerned. 

Diesel Cooling Not Difficult. — From a cooling standpoint the air-cooled 
Diesel engine presents far fewer problems than the air-cooled gasoline 
engine. In the first place, high cylinder head temperatures, which must 
be avoided in the gasoline engine in order to prevent preiguition and detona- 
tion, offer no serious handicap to the Diesel engine designer. Similarly, 
exhaust valve conditions appear to be far more favorable in the Diesel 
engine than in the gasoline engine, for the reason that exhaust gas tempera- 
tures are considerably lower, due to the high expansion ratio employed and 
for the same reason there is a considerable diminution of noise due to the 
exhaust. There is very little visible tlame ejected from the exhaust ports, 
and it has been found (juite feasible to fly the Stinson- J )etroiter equipped 
with the Diesel engine without exhaust stacks or manifolds, thus eliminat- 
ing a knotty design problem which is a continuous source of worn to 
airplane designers. 

Diesel Engine Runs in Any Position. — An interesting point of advantage 
in connection with a Diesel aircraft engine is the fact that it will operate 
successfully in any position. AH carbureting engines are dependent upon 
gravity so far as the correct functioning of the carburetor is concerned, and 
consequently the gasoline engine will not continue to run beyond certain 
angles of inclination dependent upon the carburetor design. 

The acceleration of the Diesel aircraft engine is at all times excellent, 
regardless of the temperature conditions or how long the engine has been 
idling. This is in marked contrast to gasoline engines, which must be care- 
fully nursed on a long glide, especially in cold w eather, to insure the engine 
accelerating promptly in the event of full engine power being required 
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previous to making' a landing. 

Diesel Engines Not Affected by Rain. — Another interesting point in 
connection with the operation of a Diesel aircraft engine is that it is not 
affected by rain or water in quantities which would seriously interfere with 
a gasoline engine. Primarily, of course, this is because there are no high 
tension electric currents to be short-circuited by water, but the question of 
a single carburetor air inlet also enters. 

For example, in taking off with a seaplane it frequently happens that 
just at the critical instant when the plane is about to get up on its step 
and every bit of available power is required, considerable water will be 
either shipped into the carburetor, which on the average air-cooled engine 
necessarily will be in a low and therefore disadvantageous position, or the 
propeller will pick up water with the same result, and the engine will 
naturally choke and lose revolutions, necessitating a fresh start. 

A Diesel aircraft engine has been run for many hours without the slight- 
est disturbance in excessively heavy downpours, which would undoubtedly 
cause serious missing, if not stoppage, of a gasoline engine. 

Diesel Inherently Reliable. — Granting then that both from an ignition 
and fuel-feeding standpoint the outstanding advantages of the Diesel lie 
in its inherent reliability. Captain Woolson is prepared to consider the point 
that a single Diesel engine plane has all the reliability characteristics of a 
three-gasoline-engine plane. The three gasoline engines would each be 
equipped with two ignition s\ stems, making a total of six independent 
ignition systems, whereas the single Diesel engine with its nine cylinders 
would have nine independent ignition systems with the added advantage 
that the Diesel ignition system requires no additional parts on the engine 
and each gasoline engine ignition system consists of several hundred 
separate parts. The three gasoliifc engines will have three independent 
carbureting systems: tbc single Diesel engine will have nine independent 
fuel injection systems, so that here again on the score of reliability" gained 
by duplicating important elements the Diesel engine possesses a wide margin 
over its competitor. Taking all things into consideration, and without 
reference to the important aerodynamic advantages of the single-engined 
plane, it would appear that the advent of the Diesel aircraft engine brings 
about the necessity for thoroughly reviewing the subject of single versus 
m u 1 1 i - en gi n e cl ] > 1 an es . 

Captain Woolson then considers other parts of the engine from the 
standpoint of reliability, and to do justice to this phase he outlines one new' 
distinction between the operation of the Diesel and the gasoline engine. 
Maximum cylinder pressures in the Diesel arc absolutely fixed by the de- 
sign and these are not varied appreciably' by a wide range of ditlerent 
fuels. Maximum cylinder pressures in a gasoline engine may vary over 
a range as high as three to one considering the case of an engine detonating 
either due to a poor grade of gasoline, hot exhaust valves, hot sparkplugs 
or over-heated cylinders. In other words, detonating pressures in a gasoline 
engine approximate the maximum cylinder pressures of the Diesel aircraft 
engines, but it # should be noted that the Diesel engine is designed and 
ground-tested to withstand these pressures over long periods of time, 
whereas the gasoline engine is invariably ground-tested under ideal con- 
ditions with detonation suppressed. On the other hand, it frequently' hap- 



1884 


MODERN AVIATION ENGINES 


pens than an aircraft gasoline engine of relatively high compression will 
be operated on commercial motor gasoline due to inability to secure a sup- 
ply of aviation gasoline, and it thus becomes necessary for the pilot to fly 
considerable distances with the engine detonating, or in normal operation 
detonation may set in due to failure of one ignition system, or other causes. 
These detonating pressures in a gasoline engine, for which the engine is 
not designed, will invariably result in serious damage to the engine if al- 
lowed to persist for any length of time. Piston seizure is quite common 
from this cause, and crankshaft failure by no means unknown. 

Reliability Reduces Number of Engines Required. — The point 
emphasized in Captain Wool son's paper is that the gasoline engine is oc- 
casionally abused either through carelessness or as a result of an emer- 
gency, so that it is very liable to failure from this cause. The Diesel engine 
cannot be abused, as there is no way in which the operator can increase 
the maximum cylinder pressures over those which the engine was designed 
to meet. Consequently, apart from considerations of ignition and carbure- 
tion reliability, it may be necessary to employ three gasoline engines to 
provide the utmost dependability on account of the fact that the engines can 
be abused and to that extent arc not fool-proof, whereas one Diesel type 
with its reputed greater reliability will suffice, within reasonable limits, to 
supply power. Of course, if the airplane is a large transport type, it may be 
necessary to use more than one engine in order not to concentrate all 
powerplant weight at one point and to make proper allowances for limita- 
tions in propeller design, regardless of the combustion cycle employed. 

Economy of Diesel Engine. — A very instructive table was presented by 
Captain Woolson to show the relative cost of one brake horsepower with 
various fuels in different types of internal-combustion engines and shows 
the unquestioned economy of the Diesel compression ignition cycle. The 
tabulation follows: 


COST OF ONE R.HP./HR. WITH VARIOUS FUELS IN DIFFERENT TYPES 
OF INTER NAL-COM RUSTTON ENGINES 
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In the final analysis any transportation system must justify its existence 
on economic grounds, and the cost of operation of a single-Diesel-engined 
plane as compared with a three-gasoline-engined plane must be in the order 



DIESEL ADVANTAGES 1885 

of at least one to four which constitutes an inducement which no trans- 
portation executive can afford to ignore. 

Summary of Diesel Advantages. — Summing up, Captain Woolson states 
the advantages of Diesel engines for aircraft inav be covered in the follow- 
ing statements : 

1. The Diesel engine is inherently far more reliable than the gasoline 
engine because: 

(a) The electrical ignition system is entirely eliminated. 

(b) A separate fuel injection means is applied to each cylinder insuring 
m ax i m uni d epen d al > i 1 ity . 

2. The fire hazard is reduced to the absolute minimum. 

3. The specific fuel consumption is reduced about twenty per cent. 

4. The specific fuel cost is reduced about 70 per cent. 

5. Open exhaust ports, eliminating the a\ eight and drag of exhaust mani- 
folds, are permissible, both from noise and night flying vision standpoints. 

6. Engine operation is not affected by temperature or humidity condi- 
tions; flexibility of control is assured at all times. 

7. Radio interference is eliminated. 

8. Basic reliability of the Diesel engine justifies a reduction in the num- 
ber of powerplants in large planes and presages a consequent important 
reduction in the cost of maintenance and operation of commercial air trans- 
portation facilities. 

An Important Disadvantage. — On the basis of power output per unit 
of piston displacement the Diesel aircraft engine falls considerably short 
of the best gasoline engine practice. Expressed in other terms, brake mean 
effective pressures as high as 130 to 140 pounds per square inch are readily 
obtainable in well-designed gasoline engines, whereas 100 to 110 pounds 
brake mean effective pressure can considered a good achievement with 
a high-speed solid fuel injection oil engine. However, in this connection 
it should he borne in mind that these latter figures apply to the rated power 
output of the Diesel engine which it is capable of sustaining for long periods 
and which takes into consideration the need for perhaps 25 per cent excess 
air over and above that require^ to furnish sufficient oxygen to combine 
with the fuel and thus insure complete combustion. 

QUESTIONS FOR REVIEW 

1. How do ci 1 ' 1 ’’cs intended f«»r dirigible balloons differ from airplane engines? 

2. How arc engines mounted in dirigibles? 

3. How is water ballast obtained from cxhauM gas'* 

4. Describe reversing feature of Maybach dirigible engine. 

5. Why is it possible to use reverse gears on dirigibles and not on airplanes? 

0. Outline construction of Packard dirigible engine. 

7. How much power does a dirigible need? 

8. Describe advantages of Diesel engines for aircraft. 
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UNUSUAL INTERNAL-COMBUSTION POWERPLANTS 

Two-Cycle In-Line Type — Two-Cycle Vee Type — Rotary Two-Cycle Engines — Piston 
Distributor Two-Cycle Engine — Early Static Radial Engine — Variable Compres- 
sion Rotary Engine — Double Acting Rotary Engine — Double Rotary Engine — 
Barrel Type Engine — Fan Type Engines — X Type Air-Cooled Engine — Engines 
with Integral Cooling Systems — Engines with Built-in Cannon. 

In the course of his professional practice, the author has had numerous 
designs of engines submitted to him for analysis and report by sanguine 
inventors who beliexe they have discovered some new principle or arrange- 
ment of parts that will give much superior results to the conventional ar- 
rangements used bv the designers of the engines commonly employed. In 
most cases, the designs submitted not only have had no advantages but 
were more complicated in construction or less efficient than the tested and 
well developed designs described in preceding chapters. 

Several principles arc very attractive to inventors and the same thing 
is often invented over and o\cr again. One of the most attractive types 
to receive consideration is the two-cycle engine in its various forms. En- 
gines of the in-line type and both static and rotary radial two-cycle forms 
continue to receive attention. Then wc ha\c inventors who believe that 
combining the water cooling s) stem with the engine without using a sepa- 
rately mounted radiator will simplify the assembly. Another group spends 
much time and effort designing various types of barrel engines in which 
a more compact grouping of the c\limfers than is possible with the usual 
radial arrangement is sought. It is the writer’s opinion, based on consider- 
able research work, that it will be difficult for an inventor to find some 
form of engine or cylinder arrangement that is not already patented or that 
has not been reduced to practice. In this chapter, various unusual forms 
of engines that have been built and tried/ some with considerable success 
and others that have developed grave faults Avill be illustrated and briefly 
described for the benefit of the student-engineer and the practical man who 
has inventive genius. 

Two-Cycle In-Line Type. — One of the types that seems to be very at- 
tractive to inventors is the two-cycle of the three-port type, with or without 
rotary distributor valve. These are by no means new as the Roberts 100 
horsepower engine show'll at Fig. 000 was built during 1911 by Mr. E. W. 
Roberts, one of the pioneer engine designers at Sandusky, Ohio. These 
early engines had alloy cylinders made of Aerolite metal and were of the 
usual three-port type. The Model 6X illustrated w as a later form and had 
six vertical cylinders of five inch bore and stroke and developed 100 horse- 
power at 1,200 r.p.m. The weight was said to be 350 pounds or 3.5 pounds 
per horsepower. The cylinders were cast iron with integral water jackets 
and aluminum pistons were used. The crankshaft was su|#ported by seven 
plain bearings. Two carburetors were used, one for each three cylinders 
and ignition w'as by battery or magneto. The fuel consumption was given 
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as .63 pounds per horsepower-hour and oil consumption was givt'n as .047 
pounds per horsepower-hour. A number of successful flights were made 
with these engines and they were also used for motor boat racing. The 
large fuel consumption was a disadvantage as well as the fact that after 
such engines had run enough to wear the main bearings, the crankcase 
pressure was reduced and prompt bypass of the gas from the crankcase 



Fig. 900. — The Roberts Six-Cylinder Two-Cycle Airplane Motor, an Early Form 
that Made Successful Flights. 

to the cylinder was interfered with. These engines were replaced by lighter 
and more efficient pow erplanls of the fonr-cscle type. 'The engines were 
smooth running and the six cylinder form shown ga\o the same number of 
impulses per crankshaft revolution as the twelve cylinder four-cycle did. 



Fig. 901. — The W.B.B. Four-Cylinder “Vee” Two-Cycle Air-Cooled Engine Designed 
• for Sperry Aerial Torpedo. 

Two-Cycle Vee Type. — The two-cycle engine shown at Fig. 901 was 
known as the W . B . I > . It w r as designed by C. Harold Wills of Detroit dur- 
ing the w'ar and was intended for a special aerial torpedo, wireless con- 
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trolled, that was experimented with by the Sperry Gyroscope Co. To 
secure light weight, the engine was constructed largely of aluminum, the 
air-cooled cylinders having liners of steel pressed into place. There is no 
record of this engine having been fitted to a passenger-carrying airplane 
though the aerial torpedo it was designed for was an airplane having a 
capacity of 250 pounds of explosive. 

Piston-Distributor Engine. — A piston distributor and a special type of 
deflector assuring a high degree of turbulence are among the features of a 
two-stroke engine produced by the Francon Co. of Paris, under Chedru 
patents and described in Automotwc Industries. The engine is a four- 
cylinder of 61 cubic inch piston displacement, having a bore of 62 milli- 
meters and a stroke of 82 millimeters. The fresh gases are admitted and 
the spent gases are exhausted through ports uncovered by the power pis- 
ton. This latter is fitted with a deflector of such shape that, as will be 



Fig. 903. — The Frederickson Rotary Two-Cycle Radial Air-Cooled Engine Was an 

Unusual Design. 


seen from the drawing at Fig. 902 it sets up a high degree of turbulence in 
the combustion-chamber. The detachable cylinder head is spherical and 
completely machined, and has the sparkplug inclined in it. It is claimed 
that this feature alone results in a considerable increase in power and 
greatly improved slow running compared with the normal type of deflector. 
While the form shown has been designed for automobile use, modifications 
of this design have been proposed for aircraft. 

Crankcase compression is avoided, and as a consecpience a normal type 
of high pressure lubrication can he adopted, by the use of a. piston dis- 
tributor putting the carburetor into communication with the intake port. 
For the four-cylinder engine there are two such distributors, driven by ec- 
centrics off the •Crankshaft. r l hese pistons operate in supplementary cyl- 
inders, having a bore of 90 millimeters, inclined on one side of the engine, 
and are of the double ended type. Both the upper and the lower faces are 
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perforated, the gases entering behind the ring, passing through the holes, 
thus being atomized and then into the combustion-chamber. The upper 
face of the piston communicates with one cylinder, and the lower face with 
the companion cylinder. The engine has a compression ratio of 5.5. 

Rotary Two-Cycle Engines. — A number of designers have built rotary 
two-cycle engines and ingenious methods have been used to secure the 
compression necessary to insure gas transfer from one end of the cylinder 
to the other without using a supercharger or separate air pump. 



Air cooled 
cylinder 
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Fig. 904. — Rear View of Ajax 80 Horsepower Rotary Radial Two-Cycle Air-Cooled 
Motor Showing Supercharger Case, Magneto and Carburetor. 


The Frederickson engines, one of which is shown at Fig. 903, built at 
Bloomington, Illinois, were two-cycle air-cooled rotary engines of five and 
ten cylinders and known as Model 5a and Model 10a, respectively. The 
bore was 4.5 inches and the stroke 4.75 inches. The five-cylinder engine 
was rated 70 horsepower at a normal speed of 1,000 r.p.m., and reported 
to weigh 180 pounds, or 2.57 pounds per rated horsepower. The total dis- 
placement was 377.7 cubic inches. The ten-cylinder mocKd of 755.4 cubic 
inch displacement was rated at 140 horsepower. The cylinders were 
made with integral cooling fins from cast iron and supported from 
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the head by steel rods. The crankcase contained the curved seats for the 
valves which closed the inner end of the cylinders. The valves extended 
into the cylinders and were operated by the oscillating - motion of the con- 
necting rods which passed through them. The gas was drawn from the 
carburetor through the crankcase and oscillating valves into the inner end 
of the cylinders. There was no compression in the crankcase, the gas being 
compressed in the inner end of the cylinders and transferred by means of 
a bypass to the outer ends where it was compressed and fired in the usual 
manner. 

r I he Aircraft Holding Corp., Los Angeles, Cal., is producing a new type 
of radial air-cooled aircraft motor. The 120 horsepower size known as the 
“Atlas” is a rotary radial having eight cylinders and weighs with its super- 
charger 200 pounds. This size was decided on to provide a moderate-priced 
pmverplant for an airplane which will carry three people, a small amount of 
luggage, four hours’ fuel and haw; a ceiling of 10,000 feet. The second size 
shown at Fig. 904 is known as the “Ajax.” This is a si\-cvlinder 80 horse- 
power size for the popular European light plane types now in extensive 
use as instruction machines, ll\ ing club equipment and pleasure planes 
for private owners. Such Apes usually carry two people and have a gaso 
line consumption of from fourteen to twenty miles per gallon. 

These engines operate on the two stroke principle, each cylinder giving 
a power stroke to the propeller shaft e\ery time the piston rises to the 
head of the cylinder. This makes a total of eight power strokes per revolu- 
tion in the 120 horsepower size as against half this number for a valve 
motor having the same number of cylinders and working on the four-stroke 
principle and six on the size illustrated. 

Due to the absence of valves and extensive cylinder head mechanisms 
the motor has a fifteen per cent sinaUcr overall diameter than an equivalent 
radial motor having valves, 'flic entire absence of openings in the cylinder 
heads eliminates the possibility of oil escaping and covering the occupants 
of the plane. The cylinder head is machined integral with the barrel, the 
only openings being the sparkplug holes. 

Specifications on the “Atlas” pre as follows: Fore, 4% inches; elective 
stroke, 4 ;{ inches; full stroke, six inches; compression ratio, 5.2 to 1 ; r.p.m. 
1,250; weight 200 pounds. Gasoline consumption averages .52 pints per 
horsepower hour. Oiling is by force feed from a triple outlet pump, one 
outlet forcing oil to the main and connecting rod bearings, another to a 
spray in the crankcase while the third forces an oil spray into the super- 
charger, causing' the incoming mixture to be saturated w r ith oil before enter- 
ing the cylinders. This eliminates the early practice of mixing oil with 
the gasoline for tw^o-stroke motors which has been found to cause car- 
buretor trouble on account of the heavy oil necessary for air-cooled motors 
filling up the jets of the carburetor. 

An Early Static Radial Engine. — Some of the designers of early engines 
incorporated manv features that were used in later engines. Ihe engine 
shown at Fig. 905 included in its design an induction system that is now 
recognized as the best for large radial engines and also had a form of cowl- 
ing built integrally that recent tests and development by the National Ad- 
visory Committee for Aeronautics has demonstrated to be an almost ideal 
form for radial air-cooled engines and to greatly reduce drag. 
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The Smith radial air-cooled engines were designed and built by Mr. 
John W. Smith of the Static. Engine Company of Philadelphia, Pa. As a 
means of reducing weight through the omission of large counter-balances, 
ten cylinders were evenly disposed in a single plane about a two-throw 
crankshaft. Five slipper type connecting rods with “11” sections operated 
upon each crankpin. Since the plane of the cylinders was midway between 
the crankpin centers, the axes of the rods in each set were inclined to the 



Fig. 905. — An Experimental 300 Horsepower Ten-Cylinder Smith Static Radial Engine 
Designed Some Years Ago Had Rotary Mixture Distributor and Very Effective 
Cowling Built Into the Engine. 

plane of rotation. The steel cylinders had integral cooling flanges, and 
concentric type valves were fitted co-axially in the head and operated by 
two push rods and rockers. A hole in the cylinder wall near the end of 
the stroke served as an auxiliary exhaust port. The engine was throttled 
by controlling the closing of the inlet valve in relation trt piston position. 
The principal feature of the Smith engine was the induction system, which 
consisted of a rotor with blades turning at crankshaft speed in a crankcase 
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compartment connected by induction pipes leading" to all ten cylinders. 
The pipes extended into the mixture collecting compartment for a* short 
distance to prevent condensation draining into the lower cylinders. The 
action of the rotor was to break up liquid globules and provide a uniform 
mixture delivery. The engine shown had a total displacement of 1,543.7 
cubic inches and was designed to develop 300 horsepower at 1,600 r.p.m. 
The bore was 5.5 inches, the stroke was 6.5 inches and was designed to 
weigh about 3.36 pounds per horsepower. Concentric inlet and exhaust 
valves were used, the inlet seating into the exhaust. Trunk type cast-iron 
pistons were used. The readers attention is directed to the liberal use of 
ball and roller bearings throughout. The design can be criticized because 



Fig. 906.— The Damblanc Rotary Radial Air-Cooled Four-Cycle Engine Incorporated 
the Distinctive Feature of Having Mechanism to Vary the Piston Stroke and Com- 
pression of the Engine. 

of the use of offset or angularly placed connecting rods and it is doubtful 
if the shoes at the crankpin ends of the connecting rods were adequate in 
size for endurance. The engine had a number of very interesting refine- 
ments worked into it, as auxiliary exhaust ports at the base of the cylinders 
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discharging into the exhaust pipe disposing of the gases from main exhaust 
in the* cylinder head. This design was very commendable, even in the light 
of our present knowledge and showed that the designer had a good knowl- 
edge of the features of design necessary in radial air-cooled engines. 

Variable Compression Rotary Engine. — An expedient sometimes ad- 
vised by engineers to avoid the use of supercharging at altitudes is to use 
variable compression within the control of the pilot, the idea being to 
operate at low altitudes and dense air with a lower compression than at high 
altitudes where the air is thinner. A number of mechanisms have been de- 
signed to accomplish this object, but experience has proven that the effect 
is not the same as with a supercharger and that full charges can be obtained 
best by pumping in the mixture by a separate pump, rather than depending 
oil the pumping effect of the engine piston to fill the cylinder. Such engines 
that have been designed around the principle of variable compression have 
not received practical application. 

The Damblanc eleven-c\ linder variable compression rotary engine 
shown at Kig. 906 was built in France during 1 0 1 X. The bore is 126 milli- 
meters (4.96 inches), the stroke 150 millimeters (5.91 inches), and the total 
displacement 1,256.09 cubic inches. The effective horsepower is stated to 
be 240, the useful horsepower 220, and the fuel consumption .573 pounds 
per useful horsepower-hour. The normal compression ratio is 4.8 to 1 and 
the maximum compression ratio seven to one, the variation being accom- 
plished by changing the length of the stroke. An eccentric bushing on the 
crankpin is turned through gears by a shaft extending through the hollow 
crankshaft. The single-throw crankshaft is made in two major parts and 
mounted on hall hearings. Steel cylinders with integral cooling fins are 
fitted with liners and held in place bv threads and lock nuts. The single 
inlet and exhaust valves of each cylinder are operated through push rods 
and rocker arms. The connecting rods arc of the articulated type, and 
the pistons arc fitted with three rings. The bushing for the piston pin is 
locked in the rod. The ignition is supplied by two magnetos. The dry 
weight is reported to lie 441 pounds, and the outside diameter 40.16 inches. 

Double Acting Rotary Engine. — Another principle that lias been at- 
tractive to mechanical engineers and designers, especially those familiar 
with steam engine practice, lias been the double acting engine wherein use- 
ful work is produced oil both sides of the piston. 

Messrs. Demon! of Puteaux, France, have constructed several rotary 
engines, the first of which appeared as early as 1896. An interesting De- 
mont engine, exhibited at the Paris Aero Show of 1913. show n at f ig. 907, 
was a six-c\ linder double-acting air-cooled rotary model rated 300 horse- 
power at 2,(XK) r.p.m. The low w eight power ratio of .73 pounds per horse- 
power w as claimed. The bore was 175 millimeters (6.89 inches), the stroke 
80 millimeters (3.15 inches), and the total displacement 704.7 cubic inches. 
The overall diameter was approximately 30 inches. The crankshaft was 
fixed and the crankcase and cylinders rotated about it upon ball bearings, 
an external ball bearing being provided at the propeller end to relieve the 
crankshaft of any bending load due to overhanging weigjit. The exhaust 
gases were disposed of in front. As the engine was double acting, two 
combustion-chambers had to be provided and inlet and exhaust valves 
placed at both upper and lower ends of the cylinder. The valves were 
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placed parallel to tlic crank axis and were actuated 1 »y rocker shafts parallel 
to the cylinder vertical axis, lwehe cams mounted on a sleeve in the 
nosepiece turned on the crankshaft and weie driven at half engine speed by 
an cpicyclic or planetary gear arrangement. 

The construction of the working piston and the trunks on either side 
of it is worthy of special comment. The trunks were lit ted with rings and 
acted on crosshead guides. An internal cooling action was derived by the 
circulation of air inside the piston and crankcase, though this must have 



Fig. 907.— The Demont Engine Was an Unusual Double Acting Rotary Type Using 
Air-Cooled Cylinders Working on the Four-Cycle Principle. 

provided an avci^uc of escape for considerable lubricating oil as the engine 
revolved. The air flow was assisted by centrifugal action due to cylinder 
rotation about the crank axis and a baffle plate was placed in each working 
piston to direct the air to the surfaces having the most heat. The connect- 
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ing rods were made hollow and the crankpin ends were forked, each having 
a different width and were strung along a bushing that was supported from 
the crankpin by two ball bearings. This arrangement provided that all 
the cylinders could be kept on the same plane, greatly simplifying the valve 
action. In this engine, six impulses occurred at ecpial intervals during each 
revolution. A single high tension, two spark magneto was driven at three 
times the engine speed and a sparkplug was placed in each valve pocket 
to give two spark ignition. The fuel mixture was supplied by a mixing 
device attached to the fixed crankshaft at the anti-propeller end and passed 
through a series of ports into an annular chamber surrounding the enlarged 
crankshaft. It was supplied to the valves by hollow tubes joining the valve 
chambers to the mixture collecting annulus. 



Fig. 908. — The E.J.C. Engine Illustrated Above Was Known as a Double Rotary 
Because the Crankshaft Turned in One Direction and the Crankcase and Cylinder 
Assembly in the Opposite Direction. 

Double Rotary Engines. — Most votary engines have a fixed crank and 
rotary cylinders but some designers have attacked the problem in a different 
manner and have had both the cylinders and crankshaft revolve, at different 
speeds and opposite to each other. 

The E. J. C. engine shown at Fig. 908 was a six-cylinder air-cooled 
double-rotary type of 100 millimeters (3.94 inches) bore and stroke. J wo 
propellers were used, one supported to the crankcase and turning normally 
at 800 r.p.m. and the other attached to the crankshaft and turning at 1,200 
r.p.m. in the opposite direction. This gave a relative speed of 2,000 r.p.m. 
at which the engine was rated 60 horsepower. The weight was stated to 
be 185 pounds, or 3.08 pounds per rated horsepower. The position of the 
cam plate and high tension distributor was controlled by planetary gearing 
at each end. Plain type connecting rods were arranged side-by-side in 
threes on each of the two crank pius. Both valves were located in the 
cylinder head and controlled from the cam ring by push rods and rockers. 
A pipe to the inlet valve of each cylinder directed the mixture from the 
crank compartment which was supplied by a carburetor mounted on the 
end of the hollow crankshaft. A ten-cylinder 100-horsepower engine of the 
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same type is reported to have been built. Such engines arc not popular for 
various reasons. There is considerable mechanical complication and the 
use of two airscrews mounted so there is mutual interference is not desir- 
able or efficient. 

Barrel Type Engines. — A compact cylinder arrangement is obtained by 
barrel type engines and a number of designs have been worked out and 
tested, both in this country and in Europe. The Macomber engine shown 
at Fig. 909 is an American design having seven air-cooled cylinders with 
their axes parallel to each other and to a central shaft. These engines are 
radial engines, the difference between them and the types ordinarily used 
being the horizontal disposition of the cylinders. A peculiar '‘wobble" 
plate mechanism replaces the usual crankshaft arrangement. Ball and socket 
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Fig. 909. — A Typical Example of a “Wobble’’ Plate or Barrel Type Engine, Known as 
the Macomber, Was an Air-Cooled Rotary Form. 

joints are placed at each end of the connecting rods joined to the pistons and 
the angularly disposed plate which revolved with the cylinders. The pis- 
tons arc reciprocated because of the angularity of the wobble plate. Special 
means were provided for varying the angle of the wobble plate, thereby 
effecting a change in the length of stroke and the compression ratio. Ball 
bearings were used throughout. The valves were located in the cylinder 
head, the inlets nearest the center and the exhausts to the outside, and 
operated from a single rocker, pivoted between them, which had one end 
sliding in a central grooved cam. It is stated that the “wobble" plate 
mechanism has greater power loss than the usual crankpin arrangement 
and as a consequence the mechanical efficiency of such engines is consider- 
ably less than the radial types having* vertically radiating cylinders and 
the usual crankpin. The mixture is introduced through the hollow drive- 
shaft, which communicates with a small annular chamber to which the 
inlet valve cage$ are connected by short pipes. This type of engine was 
applied to an automobile but the writer lias no record of its use in an air- 
plane. No performance figures are available. 
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Fig. 910. — The Cleveland Aviation Engine Was an Unusual Barrel Type that Used 
Short Cranks and Bevel Gearing Instead of a “Wobble” Plate. 

Another type of barrel engine has radially placed cylinders in horizontal 
relation but instead of the “wobble” plate mechanism, the pistons are re- 
ciprocated by short cranks, driving a central shaft through bevel gearing 
as indicated at Fig. 910 The Cleveland engines, designed by Walter C. 
Willard, were water-cooled barrel types planned so that many of the same 
parts could be used on a number of sizes ranging from 100 to 600 horse- 
power. The Model 4 described and shown at Fig. 910 was rated at 150 
horsepower. This was a six-cylinder engine of five inch bore, six inch 
stroke, and 706.86 cubic inches total displacement. The propeller speed was 
reduced to one-half that of the crankshaft, thereby permitting the cams to 
be mounted upon the propeller shaft. There were six single-throw crank- 
shafts having bevel gears meshing with a large “bull gear.” The engine 
was lubricated by feeding oil on the “bull gear” where it was thrown about 



Fig. 911. — The Experimental Wherry Engine Was a Rotary Type Having Opposed 
Air-Cooled Cylinders so Arranged that it Was a Double Barrel Form. 
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so as to properly lubricate all the other parts. Rail bearings were used 
throughout. A combined cylinder head and intake manifold was cast from 
aluminum, while each cylinder barrel was of steel tubing with the sparkplug 
bosses and water jackets welded in place. 

Still another form of double barrel engine is shown at Fig. 911. This 
shows the Wherry, an experimental air-cooled rotary barrel t\ pc engine 
constructed in England during 1916. Opposed cylinders, each pair of cyl- 
inders having the pistons reciprocated by a single crankpin and with over- 
head valves are placed around the central shaft. The valves are actuated 
by cam rings, against which roller followers mounted on the valve steins 
bear directly. No barrel type engines are used at the present time for 
either airplanes or automobiles and these had the same disadvantages as the 
usual form of rotary engines that militated against their practical applica- 
tion. 



Fig. 912. — The R.E.P. Fan Type Motor Had Five Air-Cooled Cylinders Spread Out 
as Shown Above the Crankshaft. 

Fan Type Engines. — An arrangement for stationary cylinder motors 
that was formerly popular is ilhfstrated at Figs. 912 and 913. These air- 
cooled fan type engines were constructed by R. E. Pclterie in France as 
early as 1910. This inventor is also credited with the design of the modern 
stick control system used on most modern light and medium capacity air- 
planes. A five-cylinder engine, rated twenty horsepower at 1,400 r.p m., 
had an 85 millimeter (3.35 inch) bore, 95 millimeter (3.74 inch) stroke, 
and a total displacement of 164.8 cubic inches. The cylinders were made 
from cast iron with integral cooling fins, and were so staggered that all- 
five operated about a single-throw crankshaft. The complete weight of 
this engine was stated to be 82.5 pounds, or 4.12 pounds per rated horsepower. 

A seven-cylinder fan type, with cylinders of the same dimensions and 
therefore having a total displacement of 230.72 cubic inches, was rated 30 
horsepower at 1,400 r.p.m. Four cylinders were forward and three to the 
rear, each with articulated connecting rod assemblies which worked upon 
a two-throw crankshaft. The weight was stated to he 114.5 pounds, or 3.81 
pounds per rated horsepower. A ten-cylinder fan type engine, a double 
form of the twenty horsepower model and having a total displacement of 
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Fig. 913. — Transverse and Longitudinal Sectional Views of the Seven-Cylinder R.E.P. 

Air-Cooled Fan Type Motor. 





X TYPE AIR-COOLED ENGINE 1901 

329.6 cubic inches, was rated 40 horsepower at 1,400 r.p.m. This engine 
employed a two-throw crankshaft, and was fitted with a double magneto 
and two carburetors. The weight was said to be 158.5 pounds, or 3.96 
pounds per rated horsepower. The double form of the 30 horsepower 
model, with fourteen cylinders and a total displacement of 461.44 cubic 
inches, w r as rated 60 horsepower at 1,400 r.p.m. and said to weigh 216 
pounds, or 3.6 pounds per rated horsepower. 



Fig. 914. — A Sixteen-Cylinder Air-Cooled X Form of Engine Known as the Viking 
Provided a Compact Cylinder Arrangement that Lent Itself Well to Direct Cooling. 


X Type Air-Cooled Engine. — The arrangement of cylinders around the 
crankcase in the form of an X lends itself very well to engines having ail 
even number of cylinders such as eight, twelve, sixteen or twenty-four. 
The angle is not always 90 degrees between cylinders, however, some en- 
gines having 45 degrees between the banks comprising the upper and lower 
assemblies and 135 degrees between the center lines of the right and left 
upper and lower cylinders respectively. If the angle between the cylinders 
at the top and bottom of the X is 60 degrees, then the angle between the 
banks at the side is 120 degrees. The symmetrical form shown at Fig. 914 
has all banks of cylinders separated by an angular distance of 90 degrees. 
The engine shovspi was built in 1919 at Detroit, Michigan. The arrange- 
ment of cylinders lends itself well to air cooling. The Viking engine had a 
3.25-inch bore, a four-inch stroke, and a total displacement of 530.88 cubic 
inches; and was said to develop 140 horsepower at 1,600 r.p.m. 
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The cylinders with integral cooling flanges were constructed individually 
from semi-steel, and attached to the aluminum crankcase by four flange 
bolts and four long binding bolts. The crankshaft was of built-up construc- 
tion, annular ball bearings being used throughout. There were eight crank- 
throws, eleven main bearings, and sixteen connecting rod bearings since the 
conectmg rods were arranged side by side on the crankpin. A camshaft, 
situated in both upper and lower Vees, operated the inlet and exhaust valves 
in each cylinder head through push rods and rockers. Each valve had a 
clear opening of 1.4375 inches and a .3125 inch lift. The pistons were made 
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Fig. 915. — The Frayer-Miller Blower Cooled* Automobile Engine Was the Parent Type 
of the Pipe and Renault Air-Cooled Aviation Engines. 

from aluminum. Lubrication was provided by spray from the upper hol- 
low camshaft that was supplied with oil under pressure from a pump. An- 
other pump was employed to scavenge the system, and the ignition was 
furnished bv Dixie magnetos. The total weight of the engine (completely 
equipped) was reported to be 30b pounds, or 2.83 pounds per rated horse- 
power. The fuel consumed per hour was said to be approximately 30 pounds 
at 1,400 r.p.m., and 36 pounds at 1,600 r.p.m. 

Engines With Integral Cooling Systems. — The simplest form of self- 
cooled engine is that air-cooled form having a blower to produce an air blast 
around the cylinders. This construction makes it possible to mount the 
engine out of the propeller slipstream, which may be desirable in some 
powerplant locations, such as for wing or fuselage interior mounting. The 
writer feels sure the reader will be interested in the early engine shown at 
Fig. 915, which illustrates the Frayer-Miller automobile engine with a 
geared drive blower. While this form of engine was not applied to air- 
planes, it served as a model for the Pipe and Renault aircraft engines and 
all other types that force a cooling air blast through special conduits and 
cylinder jackets which is produced at considerable pressure by the rotary 
fan. 
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Some designers of water-cooled engines built their motors with the 
radiator for cooling the water attached directly to the water jackets. One 
of these is shown at Fig. 916. This method of construction was practical 
with in-line motors when it was customary to expose the engine to the air 
stream but it would not be favored at the present time when every effort 
is being made to reduce the parasitic resistance by cowling in all possible 
parts of the powcrplant. The Gregoire four-cylinder vertical water-cooled 
engines, one of which is shown at Fig. 916, were built in France in 1910. 



Fig. 916. — The Early Gregoire Four-Cylhider Water-Cooled Engine Had Thermo- 
syphon Cooling and Integrally Installed Water Radiators. 


An interesting feature of these designs u as the thermo-syphon circulating 
system and the integral radiator which reduced the amount of water to be 
carried to a minimum. The radiator consisted of four banks of small copper 
tubes terminating in a header at the top and bottom, the forward sections 
having two rows of tubes and the rear section only one. The upper header 
extended outward for a distance across the cylinder heads and received 
the water from a connection close to the valves while the lower headers 
were attached at right angles to the lowest part of the jacket. The smaller 
engine was rated 26 horsepower at 1.500 r.p.m. and reported to weigh 174 
pounds, or 6.6 pounds per rated horsepower. The bore was 92 millimeters 
(3.62 inches), the stroke 140 millimeters (5.61 inches), and the total dis- 
placement 228.08 cubic inches. The larger Gregoire engine was rated 51 
horsepower at 1,000 r.p.m. and reported to weigh 242 pounds, or 4.7 pounds 
per rated horsepower. The bore was 130 millimeters (5.12 inches), the 
stroke 140 millimeters (5.51 inches), and total displacement 453.44 cubic 
inches. 

The Salmson Z9 engine, which is shown in longitudinal section at Fig. 
917 was a form {hat was specially adapted to mount the radiator as part 
of the engine because the radial arrangement of the cylinders made it pos- 
sible to cowl in the engine and start the cowling at the radiator. The Z9 
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model was one of the most efficient of the F rench engines developed during 
the war. This engine had nine cylinders of 4. ( >2 inch bore and 6.69 inch 
stroke. The piston displacement was 1,146.42 cubic inches. The compres- 
sion ratio was 5.4 and the engine delivered 230 horsepower at 1,500 r.p.m. 
and 280 horsepower at 1,650 r.p.m. Fuel consumption was .495 pounds per 



Fig. 917. — Longitudinal Sectional Elevation of the War-Time Salmson Static Radial 
Water-Cooled Engine, Model Z9 Had the Water Cooling Radiator Mounted on and 
Concentric with the Engine Nose Piece. 

horsepower. The engine weight was approximately 475 ppunds. The steel 
cylinders had sheet steel jackets welded on and were held between the 
halves of the vertically divided crankcase by ilanges machined on the 



ENGINES WITH BUILT-IN CANNON 


1905 


cylinder. The cylinders were pulled up tightly against the crankcase hy wedg- 
ing rings. The inlet and exhaust valves were slightly inclined in the cylin- 
der head, and operated through push rods and rockers by three inlet and 
three exhaust cams turning in the direction of the crankshaft at one-fourth 
its speed. The valve timing was as follows: the inlet opened on top center 
and closed 55 degrees late; the exhaust opened 65 degrees early and closed 
on top center. Dual ignition was supplied by two nine-cylinder magnetos. 
Claudel or Zenith duplex carburetors furnished the mixture. The oil was 
circulated by two oscillating plunger pumps; the small plunger forced oil 
to the bearings under pressure and the large one was used for scavenging. 



Fig. 918. — The Bugatti Sixteen-Cylinder Water-Cooled Engine with Hollow Propeller 
Driveshaft to Permit of Firing a Cannon Through it. 

» 

A double form of the Z9 model, with eighteen cylinders of 2,292.81- cubic 
inches total displacement, was normally rated 500 horsepower at 1,6(X) 
r.p.m. and 560 horsepower at 1,700 r.p.m. The compression ratio was 5.4. 
The fuel consumption was said to be .485 pounds per horscpower-lmur, and 
the oil consumption .086 pounds per horscpower-lmur. The weight was 
stated to be 1,000 pounds, and the overall diameter 39.5 inches. 

Engines With Built-in Cannon. — A number of engines have been de- 
signed for military use that are intended for mounting at the front of the 
fuselage with a hollow propeller shaft extending clear through the engine 
from front to rear, the bore being of sufficient caliber for a small shell. The 
breech block mechanism is carried at the rear or anti-propeller end where 
it can be reached by the airplane pilot or gunner. Such guns are aimed by 
aiming the entire airplane. It is stated that Guynemer, the French ace, 
obtained many bf his victories with an airplane mounting such an engine. 

The sixteen-cylinder Bugatti engine shown at Fig. 918 and in transverse 
section at Fig. 919 is an engine of this type. The Bugatti engines were 





ylinder block 



Fig. 920. — The Hispano-Suiza 220 CV “Cannon” Type Eight- Cylinder “Vee” Aviation Motor with Hollow Propeller Driveshaft with 

Cannon and Recoil Mechanism Forming Part of the Engine Assembly. 
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originally designed and built in France during the war by Etto»rc Kugatti, 
a well-known automobile designer. The first engine was an eight-cylinder 
all-in-line type fitted with reduction gears. There was found to be no need 
for an engine of this form, so a sixteen-cylinder model was built with two 
all-in-line eights mounted upon Ihe same crankcase. The two crankshafts 
were geared to a common central propeller shaft, which was made hollow 
to permit the firing of a French 37-millimeter cannon mounted between the 
two sets of cylinders as shown in the transverse sectional view. 



Fig. 919 . — The Transverse Section of the Bugatti Engine Showing Arrangement of 
Two Banks of Vertical Cylinders at Each Side of a Centrally Disposed Propeller 
Driveshaft, a Very Unusual Arrangement. 

The sixteen-cylinder vertical twin Rngatti engine was formed from the 
cylinder hloclcs of the eight-cylinder model. The total displacement was 
1,484.29 cubic. Niches, and the rated output 400 horsepower at 2 ,100 r.p.m. 
The dry weight was stated to he approximate!} 1,0(X) pounds. The ap- 
proximate overall dimensions are: length 44.25 inches, width 24.8 inches, 
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and height 32.28 inches. Two crankshafts, similar to those used in the 
eight-cylinder engine, were geared to a common propeller shaft at a ratio 
of two to three. Four Zenith carburetors, each mounted on a manifold 
feeding four cylinders, were located on the outside of the cylinder blocks, 
two on each side as shown at Fig. 918. This type of engine would call for 
a slightly wider fuselage than the Yee type. 

The Hispano-Sui/.a 220 CV. “Cannon” type engine shown at Fig. 920 
received considerable practical service during the late war and the mecha- 
nism is clearly shown in the longitudinal sectional view presented. In the 
main essentials, the engine follows the conventional Vee type eight. The 
hollow propeller driveshaft is machined with clearance inside so the cannon 
barrel can slide therein and at the same time the propeller driveshaft caw 
revolve while the cannon barrel remains stationary. The propeller shaft 
is driven by a pair of spur gears as shown and revolves in long plain bear- 
ings, though ball thrust bearings are mounted on either side of the driven 
gear hub. A hydraulic recoil absorbing mechanism is housed in the cylin- 
der above the cannon. 


QUESTIONS FOR REVIEW 

1. Describe rotary two-cvcle engine actions 
2 Wli.it is a barrel t\ne engine? 

3. What does the “wobble” plate do in an engine? 

4 W lwit a “double rot. in” engnu ' 

5 Describe two ditfercnt t\pcs of auation engines with integral cooling system 
(». Mow 1 did King-Jingatti engine diiTer from the conventional type? 
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A.K C Hornet engine, three-view drawing, 
1004 

Scorpion, hack view, 997. 
complete overhaul, 008. 
engine, 088 

engine clearances, 1000 
Abrasive for valve grinding, 1705. 
Accessories, Wright J5, 1 1 f >4 
'\i ces.sory drive clearances, 1 180 

gear case. Curtiss Challenger, 1.144 
gears, 1)12, 142o 
llornet kc> diagtam, 1,125 
Wasp engine, 1271. 

Whirlwind, J4A and P», 1152 
Wrighl J4\ and J4U, 1152 
section disassembly. Was]), 120n 
Accidents, causes of ait plane. 150.1 
Aictvlcne as engine fuel, 1844. 

AC fuel pump, 1508 
ADC. Cm us engine, 1054. 

C irrus oiling system, 1001. 

Nimbus engine, 150.1 
Adjustable pitch propellers, 1071. 

Adjusting magneto timing, 1108. 

lappet clearances, Wright, 1100 • 

Adjustment of ml pressuie, Caminez. 1125 
ot Wlmlwiud valve niecliamsiu. 1104 
Standard Anzani, 1040 
Advantage of variable pitch propellers. 1705. 
Aero engines not true Diesel t\pes, 1880. 
Aeronautical Diesel engines, 1880. » 

After the engine starts, 1475. 

Air and water flow, 1574. 
tooled C ameron engine, 1534 

engine, (.amen in iour-r\ Inidvr, 1051. 
Cirrus, 1054. 

Curtiss Challenger, 1341. 
installation, 1(>10 
Lorraine, 1328 
medium ]x>wer, 1012. 
miscellaneous, 1328 
operating costs of, 1385. 

Rover, 1051 
Saltiismi, 1045. 

Sahnson AP»9, 1366. * 

service given by, 1385. 
types, study of, 1375. 

Waller-Castor. 1347. 

X type, 1901. 

cooling Diesel engine, 1882. 


Aircraft, designing engines into, 1557. 

Diesel engine, Junkers, 1879 
engines, Packard, 1457 
engines, unusual, 1880. 
instruments, 1(>58. 
propeller design, 1092. 

Air-fuel mixture method, 1871. 
heater, carburetor, 1055 
C yclone engine, 1218 
intakes, installation of, 1591 
Airliner instrument hoards, JOo3 
Airplane accidents, causes of, 1595 
control aids, instruments, 1 C >59 
instruments, what thc\ do, lool 
propclhr drive gears, 1700 
propulsion methods, loo5 
Airships engines, steam cooling for, 1846 
instrument^, 1059 
power requirements of, 1855 
U. S. Nav\ , 1835 
weights, 1837 

Air starting s\stcni, earlv, 1721. 

Fiat. 1720 
Hey wood, 1723. 

Ajax rotary two-cycle engine, 1891. 
Albatross 75 engine mounting, 1504 
Alloy for metal propeller, 1702. 

Altitude, effects oil performance, 1573 
A.M. fuel pump details, 1519 
Anti freezing solutions, 1(>06 
Anti-friction hearings, apply me and remov- 
ing, 1816. 

Anzani aviation engines, 1033. 
breaker points, 1040 
connecting rods, 1037. 
crankcase, 1033. 
crankshaft, 1037. 
cylinder, 1033. 

engine adjustments, standard, 1040 
care, 1040 
disassembling, 1043. 
locating troubles in, 1044 
preparing to start, 1042. 
section, 1036. 
stopping, 1040. 
timing, 1038. 
inlet manifold, 1036. 
lubrication system, 1040. 
piston, 1034. 

three-ry Under timing,' 1038. 
valve actuation, 1034. 
valves and rocker arms, 1036. 
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Apparatus for water recovery, 1846. 
Applying and removing anli-frietion bear- 
ings, 1810. 

Armstrong-Siddeley Leopard engine, 1381. 
Articulated iods, Cyclone engine disassem- 
bly, 1231. 

Assembling Cirius engine, 1007. 

Curtiss D12, 1424. 

Cuiliss 1)12 gears, 1426. 

Cyclone ai titillated. rods, 1245. 

Cyclone crankcase, 1245. 

Cyclone crankshaft and master rod, 1245. 
Cyclone intermediate sett ion, 1245. 

Cyclone rear section, 1250. 

C\ clone supercharger section, 1250. 
cylinders on Cyclone engine, 1240. 
cylinders on J5 engine, 1105 
DJ2 cylinder to crankcase, 1423. 
intermediate section, 11*88. 
magneto bracket, ('amine/, 1135. 
pistons and links, Caminez, 1134. 
pistons and rollers, Cannncz, 1134. 
roller bearings to shaft, 1811. 
Siemens-llalske engine, 1005. 

Was]) engine after top overhaul, 1202. 

Wasp engine parts, 1307 

Wasp rods and shaft in r.isc, 1311. 

W r asp supen harm r clutch, 1301. 
Whirlwind crankcase and crankshaft, 
1180. 

Whirlwind engine, 1183. 

Whirlwind front section, 1188. 

Whirlwind rear section, 1100. 

Whirhvmd valve springs, 1102. 

Wright pistons and cylinders, 1180. 
Wright valve mechanism, 1100. 

Assembly after top overhaul, ( ainincz, 1128. 
of Camine/ engine after overhaul, 1133. 
of oil pump, 1)12, 1421. 
of Wright cyclone engine, 1244. 
Automotive Diesel engines, ]800. 

Auxiliary gear drives, Condor, 1531. 
gear drives, Rolls-Royce, 1524 
systems, Curtiss 1)12, 1400 
Aviation carburetor, seilional view of, 1001. 
engine, Continental, 1352. 
self-starters, 1712. 

B 

Babbitt bearings, rcmclalhng, 1808. 

Backlash in Curtiss D12 gears, 1428. 
Balance of radial engine, 1148. 

Balancing propeller, Whirlwind, 1649. 

Ball bearing installation and removal, 1817. 

of Scorpion engine, 993. 

Ball thrust bearing, ('amine/, 1134. 

Barrel type engines, 1897. 

Base repair simp tools, Packard, 1486. 


Battery-generator ignition, Packard, 1457. 

ignition timing, Packard, I486. 

Beardmorc six cylinder engine, 1511. 
Bearings, adjusting mam, 1803. 
in connecting rods, 1819. 
in Curtiss D12 connecting rods, 1418. 
fitting by bonng, 1809. 
inspecting engine, 1803. 
oil grooves in, 1807. 
point distribution, 1806. 
refitting engine, 1803. 
remetaliing, 1808. 

. scrapers, use of, 1806. 
testing parallelism of, 1822. 
testing with blue, 1800. 
tools used in fitting, 1804. 
lloyys pump, A.M., 1519. 

Bielefeld injection valve, 1871. 

Blau gas as engine fuel, 1853 
Blower drive clutch, Wasp engine, 1299. 
gears, Wasp engine, 1298 
section reassembly, Wasp engine, 1308. 
Blue test for bearings, 1800 
B.A1.W. band starter gear, 1718. 

Ya aero engine, 1513. 

Ya engine specifications, 1516. 

YI engine, 1517. 

Boling bearings to fit, 1809. 
cylinders, 1784 

Booster magneto wiring diagram, 1719 
Brands of oils suitable for Wright engines, 
1052. 

Breaker points. Anzani magneto, 1040. 
Bristol “Cherub” engine, 985. 
gas starter, 1729. 

Jupiter engines, 1353. 

Jupiter models, 1354. 

Jupiter oiling system. 1303. 

Jupiter specifications, 1356. 
reduction gear, 1300. 

Bugalti engine, 1905. 

Bushings in Was]) connecting rods, 1305. 

C 

Calipers, inside and outside, 1750. 
micrometer, 1760. 
scale, 1759. 

Cameron connecting rod assembly, 1339. 
fixed radial engine, 1334. 
four in line air cooled, 1051. 
radial engine section, 1330 
Cam drive gear inspection, Cyclone engine, 
1241. 

follower inspection, Cyclone engine, 1241 
for operating pistons, Caminez, 1112. 
rollers, Caminez. 1132. 

Caminez carburetor service operation, 1138. 
cylinder, 1115. 
cylinder skirts, 1134. 
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drivcshaft assembly, 1136. 
engine, 1111. 

ball thrust bearing, 1134. 
carburetor, 1137. 
flight operation, 1125. 
general description of, 1113 
parts, inspection of, 1132 
periodic examination, 1125. 
piston and link assembly, 1126, 
timing, 1135. 

pistons and rollers, assembling, 1134. 
valve gear inspection, 1128 
Camshaft, Cirrus engine, 1060 
assemblies, removing Curtiss 1)12, 1413. 
mechanism, Kolls-Knyce Condor, 1531 
roller bearing, Caminez, 1132. 
testing spring, 1820. 
timing instructions, Packard, 1484. 

( annon built in engines, 1605 
Cantilever motor mounts, 15n2. 

Carbon deposits, burning out, 1782. 
cause and prevention, 1780. 
scrapers, use of, 1781 
Carburet ion assembly, D12, 1423. 
of Packard engines, 1456. 
of Packard inverted engines, 1461 
Rolls-Royce, 1526 
system, Condor, 1533 
system, Curtiss 1)12, 1406 
troubles, Siemens- Ualske, 1101 
( arburetor action in starting Cyclone en- 
gine, 1256 
air beater, 1655 

air heater, Wright Cyclone, 1218. 
air intakes, installation of, 1561. 
and pruning lines, removing, 1172. 

Cirrus, 1063. 

Claudel TTobson, 1064. 
construction, Wright J 5, 1203. 
for Whirlwind J 5, 1201 
instructions, Cyclone Stroniberg, 1253. • 
leakage, Cyclone engine, 1220. 
leaking, causes id, 1168 
main body gasket, Whirlwind, 1207. 
overhaul, Wright J5. 1204 
reassembly, Stroniberg N / \-T4. 1206. 
setting, ('amine/- Stroniberg, 1136. 
settings, Curtiss 1)12, 1611 
specifications, Caminez, 1137. 
stoves, 1632. 

Sum, 1108. 

Whirlwind, 1644. 

Care and operation of Anzani engine. 1040. 
Care of Curliss 1)12 engine, 1611. 

Packard engines, 1476. , 

Centrifugal supercharger. Cyclone, 1215. 
Challenger air-cooled engine, Curtiss, 1341. 
Changing pitch, standard propellers, 1688. 
Characteristics of engine types compared, 

1386. 


of Graf -Zeppelin, 1850. 
of U. S. Navy airships, 1835. 

Salmson air-cooled engines, 1048 
Chart giving propeller cliaraelei istics, 1664 
Checking carburetor pails, Cyclone, 1258. 
Cyclone engine timing, 1248. 

1)12 engine timing, 1430. 
engine. Whirlwind. 1647 
Packard liming w-itliout dismantling, 1477. 
Chieftain engine description, 1378. 

C hisel set, complete, 1747. 

Cirrus crankshaft, 1058. 
engine, ADC., 1054. 
earn shaft, 10(4). 
carburetor, 1064. 
dismantling, 1066 
genet al description, 1056. 
ignition, 1062 
lubrication, 1060 
paits, assembling, 1067. 
parts, clearances for, 1071. 
parts, examination of, 1 066 
power curves, 1056. 
troubles, 1070. , 

valve timing, 1068. 
oil pressure, 1061. 
running instructions, 1066. 

Chimp for installing piston rings, 1800 
Claudel- Hobson Cn rus carburetor, 1 0(>4 
Cleaning Cyclone engine, 1652 
engine parts, 1778. 
oil screens, 1613 

Clearances, ARC. Scorpion parts, 1000. 
Cirtus engine, 1071. 

Cirrus lappet, 1057. 

Curtiss 1)12 engine, 1434 
Cyclone rocker box, 1248. 
tappets, 1248. 

drawing, Cyclone cam gear, 1236 
Cyclone cylinder, etc, 1234 
Cyclone engine accessory drives, 1238 
Cyclone magneto, 1240. 

Cyclone valve rockci, 1236. 

J5 cylinder, 1160. 

in cam and valve tappet, Whit 1 wind, 1176. 
in valve rocker, Whirlwind, 1175. 
in Whirlwind valve mechanism, 1176 
Napier-Lion, 1831. 
standard Packard, 1472. 
tables. Hornet engine, 1322. 
table, Wasp engine, 1314 
Whirlwind accessory drives, 1186. 

Wright magneto drive section, 1161. 
Cleveland aviation engine, 1868. 

Closing up D12 engine, 1433. 

Clutch for blower drive, Wasp, 1269. 
for dirigible engine, I860, 
parts, dirigible, 1861. 
setting determination, Eclipse, 1737. 
Eclipse starter, 1734. 
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(’old weather cautions, Wright Whirlwind, 
1168. 

operation, Wasp engine, 1286. 
precautions, Cyclone engine, 1226. 
Combustion chamber, Saurer Diesel, 1866. 
Complete clnsel set, 1747. 
overhaul, Caminez engine, 1130. 

Curtiss D12 engine, 1413. 
of A.R C. Scorpion, 968 
of Packard engines, 1479. 

Wasp engine. 1293. 

Wright J 5, 1170. 

Compressed air starter, Fiat, 1720. 

Condor engine, Rolls-Royce, 1530 
Connecting rods and knuckle pm inspection. 
Cyclone, 1242. 

and pistons, Rolls-Royce, 1525. 

Auzani, 1037. 

assemble, ( ameron engine. 1339. 
assembly , J4A, 1150. 
assembling Whirlwind, 1187. 
bushings, Wasp, 1305 
Cirrus, 1057. 

Cyclone, 1213 
fitting. 1819. 
inspection of, 1290 
of W asp engine, 1269 
Packard, 1445. 

reassembly of Wasp engine, 1310. 
Siemens- 1 lalske. 1081 
Connections and piping, water, 1578 
miscellaneous Cyclone, 1656 
Whirlwind tachometer. 1646 
CoiKpieior engine, ( urtiss, 1395 
Consolidated instrument jianel, 1661 
Construction of liristol Cherub engine, 985. 
metal propellers, If >81 
Napier-Lion engine, 1543. 

Packard engines, 1439 
Constructional details, ARC Unmet. 1003, 
Continental aviation engine specifications, 
1352. 

engine sectional view, 1351. 
seven-cylinder engine, 1349. 

Control aids, airplane instruments, 1659. 
connections, Cyclone engine. 1656. 
mechanism, Condor, 1533. 
of cooling in flight, 1572. 
of engine, markings lor, 1581. 

Controls for engine, location ni, 1582 
Cooling and lubrication, Rolls Royce, 1527. 
control in flight, 1572. 

Diesel by air, 1882 
surface, 1575 

system, Curtiss D12, 1606. 
installation, 1574. 
weights, estimated, 1575. 

Corrosion of metal, preventing, 1569. 
Cowling for air-cooled engines, N.A.C.A., 
1629. 


for “Cam” engine, 1638. 
fui weather extremes, 1627. 
specifications for engine, 1583. 
with propeller spinner, 1625. 
without spinner, 1626. 

Wright engine, 1643. 

Crankcase and cylinder assembling, D12, 
1423. 

and oil pan, Curtiss D12, 1403. 

Anzaiii, 1033. 

construction, Jupiter, 1360. 
construction, Lc Rloiid, 1020. 
construction, Packard, 1444. 
t urtiss Challenger, 1345. 
filling with oil, cause of, 1106 
inspection, 1802. 

inspection, Cyclone engine. 1242 
of Wasp engine, 1267. 
of Whirlwind, 1159. 
overhaul, Curtiss D12. 1413. 
taking down, 1296. 
timing niaiks on, 1105. 

Wright Cyclone, 1210 
Crankpin hearings, inspecting 1)12, 1418. 
Crankpm equalizing tool, 1807 
truing tool, 1805. 

Crankshafts and connect mg rods, Packard, 
1445. 

and crankcase. ( ondor. 1531 

and crankcase. Rolls Ro\ce, 1526 

and master rod. Cyclone, disassembly, 1231 

Anzam, 1037. 

assembly, dismnnlhug Siemens. 1103 
assembly inspection, D12, 1417 
bearing fits, Curtiss D12, 1416. 

Cirrus, 1058 
Curtiss 1)12, 1403. 

Curtiss Challenger, 1343 

inspection, ( y clone engine, 1243. 

inspection of, 1802. 

inspection, W'asp, 1303 

lapping tool, 1805 

of Maybach engine. 1855. 

of Wasp engine, 1269. 

of Wasp engine, leassembly of, 1310 

oil retaining plugs lor, 1814 

rack, 1777. 

removal. Wasp engine. 1296 
roller hearings, assembling, 1812. 
Sicmcns-Halskc, 1080. 

Whirlwind, 1159. 

Wright Cyclone, 1206. 

Crashproof tanks, 3589. 

Curtiss Challenger air-cooled engine, *1341 
Challenger specifications, 1346 
Chieftain air-cooled engine, 1372. 
Chieftain specifications, 1381. 

Conqueror engine, 1395. 

1)12 auxiliary systems, 1406. 
bearing inspection, 1416. 
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carburetion assembly, 1423 
carburetion system, 1406. 
carburetor controls, 1605 
clearances, 1434. 
connecting’ rod assemblies, 1418. 
cooling ;;y stem, 1606 
crankcase and oil pan, 1403. 
crankshaft, 1403. 
crankshaft inspection, 1417. 
cylinder block inspection, 1422. 
cylinder head covers, 1411. 
disassembly, 1400. 
engines, 1401. 
care of, 1611. 
closing up, 1433. 
installation drawing, 1410. 
operation, 1600. 
starting, 1 (» 1 0 
timing, 1430. 
unpacking, 1604 
fuel s\steni. 1605 
gearcase assembly, 1404, 1421. 
gears, backlash in, 1428 
lubricating system, 1608 
main healing cap lemoval, 1413 
mounting propeller, 1607 
piston and connecting rod, 1407 
piston and ring inspection, 1418. 
propeller huh, 1411 
specifications, 1408 
tear down inspection, 1400. 
timing gear tram, 1405. 
timing indicator, 1431 
valve timing gear marks, 1414. 
fiV-1550 engine, 1308. 

K6 engine, 1303. 

K12 engine, 1304. 

( )\5 motor mount, 1561. 

V-1400 engine, 1302. 
water-cooled engines, 1301. 
t utting look for valve seats, 1701. * 

Cycloidal propulsion, 1666 
Cyclone accessory drives, clearance draw- 
ing, 1238. 

carburetor overhaul, 1257 
cylinder sparkplug inserts, 1240 
engine connecting rods, 1213. 
cowling, l020. 
crankcase, 1210. 
crankshaft, 1200. 
cylinder, 1208. 
disassembly, 1228. 
fails to start, causes, 1224. 
fuel and oil piping, 1654. # 

pump, 1217 

specifications, 1222. 

system, 1655. * 
ground test, 1221. 
ignition, 1217. 


installation and test, 1252. 

installation drawing, 1650 

lubrication system, 1214 

mount and cowling, 1653. 

oil specifications, 1223. 

parts, inspection and repair, 1235. 

pistons, 1214. 

propeller, 1601. 

specifications, 1210. 

starting and normal operation, 1220. 
supercharger, 1210 
supercharger oil seal, 1243 
timing, cheeking, 1248 
troubles, 1224 

unpacking and cleaning, 1652. 
valves, 1213 

valve gear, taking down, 1230. 

\alvc guides, 1230 
Wiight, 1208 
hand starter, 1218. 

Indication system, 1654. 
magneto timing, 1251 
magneto wiring, 1656. 
miscellaneous conncehons, 1656. 
rear section assembly, 1250. 
supci charger drive, 1250 
valve spring assembly, 1213. 

Cylinders alignment with straight-edge, 1821. 
and pistons, assembling Wright, 1180 
Auzam, 1033. 

assemblies and pistons, D!2, remo\al of, 
1412. 

assembly oil Cyclone engine, 1246. 
assembly on J5 engine, 1105 
block inspection, 1)12, 1422 
bore finish hv honing, 1785. 

Cainincz, 1115 

con struct uni, A T) (' Nunlm-., 1507. 
construction, Jupiter, 1362. 
construction, Packard, 1446 
( urliss Challenger, 1344 
defects m, 1770. 
finish by reaming, 1784 
finishing by boring. 1784 
head construction, 1)12, 1401 
head covers, Curtiss 1)12, 1411. 
head, Siemens engine, 1083 
how J4R and J5 differ, 1157. 
inspection of Cyclone, 1237. 
installing J4H on J4A engines, 1100. 

Le Blond, 1022 
of Scorpion engine, 088. 
of Scorpion, reassembly. 908. 
of Wasp engines, 1270. 
removal, Cyclone engine, 1220. 
removal from Packard valve housing, 1482. 
removing from Packard valve housing, 
1482. 

removing J4A and P», 1175. 
removing J5, 1173. 
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removing Wriglit, 1172. 
repairing scored, 1783. 

Rolls-Royce, 1524. 

Rolls-Royce ( oinlor, 1531. 

Sicinens-TTalske, 1081. 

sizing and finishing, 1784. 

skirts, Camuicz, 1134 

unit ol A B.C Scorpion, dismantling, 997. 

unit, removing Scoipion, 000. 

Wright Cyclone, 1208 
Wright 1 4 A, 1150. 

Wright T4A and P», 1157. 

Wright J5, 1101. 

D 

J >ailv inspection, ( \ clone engine, 1220 
models J4A and I», 1168. 

Dambl.mc rotary with variable compres- 
sion, 1803. 

Dayton “Hear” four-cylinder engine, 1014. 
Defects m i\ liiulcrs, 1770. 

Definitions, propeller, 1000. 

Delco ignition for Packard engines, 1458 
Demont double acting engine, 1805 
Deposits, nature of carbon, 1781 
Description of BMW \a engine, 1515. 
Camiuez engine, 1114. 

Chieftain engine, 1378. 

Curtiss Conqueror engine, 130f». 

Hornet engine, 1317. 

Packard engines, 1442. 

P. and W. Wasp engine, 1207. 

Szekeiy S.R 3 engine, 1008 
Wright Morehouse engine, 080. 

Design considerations, propeller, 1000. 

of metal propellers, 1681. 

Designing water-cooled engines into air- 
craft, 1557. 

Details of Conqueror engine, 1300. 
Development of Wright Whirlwind, 1144. 
Diagram, Cyclone installation, lo50. 
of Lorraine propeller drive, 1710 
of Rolls-Royce piopcllcr drive, 1108. 
showing engine installation, 1558 
Siemens fuel and oil systems, 1087. 

Dies and taps, use of, 1752. 

Diesel air- fuel mixture method, 1871. 
burns lubricating oil, 1882. 
cooling not difficult, 1882. 
engine advantages, 1885. 
automotive, 1860. 
economy, 1884. 

Junkers, 1879. 
reliability, 1881. 
thermal efficiency, 1877. 
fuel supply important. 3863. 
indicator diagrams, high and low speed, 
1876 


Dimensioned view, A.B.C. Scorpion engine. 
997. 

Dirigible engines, 1837. 
clutch, I860. 

Graf Zeppelin, 1851. 

Packard 1551, 1847. 
section, Packard. 1849. 

Graf Zeppelin, 1850. 
power cars, 1838. 
power transmission, 1858 
Disassembling Anzani engine, 1043 
connecting rods, Wasp, 1299 
Curtiss D12 engine, 1412 
J5 parts, 1170. 

Packard engines, 1479. 

Wasp crankshaft, 1298. 

Disassembly of Cyclone oil pump, 1233 
Curliss D12. 1409 
Cyclone engine, 1228. 

Cycknc superi burger section, 1235 
Strombeig NA-T4 carburetor, 1203 
Wasp engine. 1288. 

Dismantling A.B.C. Scorpion cylinder unit, 
99 7. 

crankshaft assembly, Siemens, 1103 
( irriis engines, 10i>6 
procedure, usual, 1776. 
roher bc.mng crankshaft, 1815. 

Siemens engines, 1092. 

Whulwiiul e.irhui e-toi , 12(>5 
Disposition of dirigible engines, 1837 
exhaust gas, 1623. 

Distributors, Packard ignition, 1455. 
t timing, Packard, 1 185. 
i Joiner-l )ie*scl jirmcijile, 1873. 
fuel pump, section, 1874. 
spray' nozzle, section, 1875. 

"Merkur” engine installation, 1565. 

Double acting rolaiy engine, 1895. 
magneto ignition, Packard, 1456. 
lot ary engines, 1896 
Drilling machines, hand, 1747. 

Drills, reamers, taps and dies, 1749 
Drive and valve cams, t amine? . 1118. 
cam and pistons, Camiuez, 1117. 
gears for airplane propellers, 1706 
Drivcshaft assembly, Camiuez, 1136 
1)12 series Curtiss engines, 1401. 

I) type Reed propeller, 1684 
Duralumin fuel tank, 1603 
nature and properties, 1568. 

Dynamometer room, Packard, 1828. 

E 

i 

Echpsc aviation engine starters, 1717. 
electric starter, twelve volt, 1728. 
series “6” starter, 1700 
series “6" starter section, 1731 
series VII startei, 1725 
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starter clutch setting, 1734 
starter hand cranks, 1733, 
starter oil shield, 1735 
Economy of large engines, 14%. 
Eighteen-cylinder W type, Lorraine engine, 
1521. 

Electric starters for engines, 1715. 

Empirical propeller design considerations, 
1669. 

Engines, air resistance of, 1559. 

Anzani, 1033. 

Asso 80 T air-cooled, 1031. 
barrel type, 1897. 
bearings, inspecting, 1803. 

Bristol Cherub, 985. 

Hr istol -Jupiter, 1353. 

Hugalti, 1905. 

Cirrus Mark 11, 1054. 

Cleveland multi -crank, 1898. 
control connections, Cyclone, 1656. 
controls, details of, 1613 
control specifications, 1581. 
cowling specifications, 1583. 
cowling, Wright Cyclone, 1625. 

Curtiss 1)12, 1401. 

1 )amblane variable compression, 1893. 
Dayton “Hear” four-cylinder, 1014. 

Demont rotary, 1895. 

designing water-cooled into aircraft, 1557. 

development, future, 1497 

dismantling Whirl wind, 1170. 

disposition in dirigibles, 1837. 

double acting rotary, 1895. 

double rotary, 1896. » 

fan type, 1899. 

Fiat A S3, 1544. 

for dirigibles, Packard, 1847. 

Fraycr-M lller air cooled, 1902. 
fuels, Ilian gas, 1853. 
gauge, instruments, 1664 9 

Ciregoite water-cooled, 1903. 

Henderson, 9 77. 

liispano-Suiza cannon type, 1 906. 
installation specifications, 1580 
installation, Wright Whirlwind, 1639. 
installing Curtiss 1)12, 1605 
installing various types, 1558. 
instruments, 1658. 
inverted type advantages, 1560. 

Isotta AS3, 1549. 
lsotta Asso 1000 W, 1552. 

Le Hlond aviation, 1015. 

Lincoln rocket, 981. 
maintenance in stores, 1830. 

M. A. N. Diowl, 1K(.X * 

Maybach dirigible, 1851. 
medium power air-cooled, 1012. 
Mercedes-Benz two-cylinder, 982 
mount and cowling, Cyclone engine, 1653. 
mounting, Albatross 75, 1564. 


mounting, cantilever, 1561, 1562. 
mounting (ioodycar “Puritan,” 1840. 
mounting in wings, 1505 
mounting, new standard, 1563 
mounting ring, tubing for, 1621. 
mounting specifications, 1580. 
mounts, requirements of, 1619 
mounts, steel for, 1567. 
mount, Yought-Corsriir, 1617. 

Napier “Cub,” 1543. 

Napicr-Lion, 1539. 
new senes Renault, 1534. 
operation, Curtiss D12, 1609. 
operation, Hornet, 1318. 
overhauling, Curtiss 1)12, 1413. 
overhauling stands, 1771 
Packard geared aviation, 1488 
parts. Max bach engine, 1856. 
placing, conventional, 1561. 
placing relative to pilot, 1564 
reconditioning operations, 1778. 
reversible, 1852. 
rotary two-cycle, 1889. 
running in after overhaul, 1826. 
Salmson static radial, 1904 
Salmson water-cooled radial, 1537. 
Saurer-Dicscl, 1868. 
small air cooled, 9 77. 

Smith radial, 1892. 

specifications, J4A and 13, J5, 1155. 

starter, Bristol gas, 1729. 

starters. Eclipse, 1717. 

starting, Cuitiss 1)12, 1610. 

starting gear, 1527. 

starting methods, 1713. 

starting, P. and W. Wasp, 1281. 

starting Whirlwind, 1647. 

starting, Wright Cyclone, 1221. 

Super Rhone static radial, 1028. 

Szckcly S.R.3, 1006. 

test room, Packard, 1828. 

timing, Caininoz, 1135. 

timing. Hornet, 1320. 

tuning method, Whirlwind. 11% 

timing, P. and W. Wasp, 1312 

tools for adjusting and erecting, 1741. 

troubles, Wright Cyclone, 1224. 

two-cycle in-line, 1886. 

two-cycle Vee type, 1887. 

Velie five-cylinder, 1029. 

Viking air-cooled X type, 1901. 
Warner “Scarab,” 1023. 

Wherry rotary, 1898. 
with built - in cannon, 1905. 
with integial cooling systems, 1902. 
wobble plate type, 1897. 

Wright Whirlwind, 1143. 

X type air-cooled, 1901. 

English micrometer graduations, 1761. 

Epicydic propeller drive gearing, 1710. 
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Equalizing tool for crankpins, 1807. 

Examination of Cirrus parts, 1066. 
piston rings, 1799. 

Excessive oil temperature, Cyclone engine, 
1225. 

Exhaust collector ring, Siemens, 1076. 
gas disposition, 1623. 
gas, water recovery from. 1845. 
manifold for cam engine, 1638. 
manifold with air scoop, 1630. 
manifolding difficulties, 1631. 
side sparkplugs, removal of, 1409. 
system, specification for, 1592 
valve cooling, Packard, 1449 . 

Expansion and auxiliaiy tanks, 1578. 
reamers, 1751. 

External oil sy stem, Packard, 1453. 

F 

Failure to stall, Cyclone engine, 1224. 

Faircliild-C.ammcz engine, 1111. 
engine installation, 1633. 
lubrication, 1120' 
lubrication system, 1635. 

Fan type engines, 1899. 

Fai man- Jupiter reduction gear, 1365. 

Fiat air starter, 1720. 

AS3 engine, 1544. 
fuel pump, 1597 
fuel supply system, 1596. 
lubrication system, 1546. 
oil pump, 1547. 
starter control panel, 1721. 
valve spring compressor, 1786. 
water pump, 1548. 

Files, use and care of, 1745. 

Fitting bearings by boring, 1810 
connecting* rods, 1819. 
crankshaft bearings, Cmtiss D12, 1416. 
Curtiss 1)12 wnstpins, 1419. 

1)12 connecting rod bearings, 1419 
1)12 engine parts m assembling, 1427 
new bushings in \\ asp connecting rods, 
1305. 

piston rings, 1801. 
propeller bub to shaft, 1680. 
rings to cylinder, 1801. 
ring to grooves, 1801. 

Siemens engine in fuselage, 1075. 

Five-cylinder engine, Le Jilond, 1018. 
Lorraine engine, 1329. 

Yclic engine, 1030. 

Flat twin engine, AFC. Hornet, 1002. 

Flight control of cooling, 1572 
operation, Caminez engine, 1125. 
operation, Wright Cyclone, 1221. 
test, Whirlwind engine, 1648. 

Floating blower drive gears, Wasp engine, 
1298. 


Fokker wing motor installation, 1620. 
Four-cylinder Cameron engine. 1051. 
engine, A.B.C. Hornet, 1002. 
engines, Cirrus, 1054. 

Iwo-cvcle Meteor motor, 1006. 
Fourteen-cylinder Armstrong-Siddcley en 
gine, 1382. 

Fray cr-Miller engine, 1902. 

Kredenrkson rotary Iwo-cvcle engine, 1889 
Front section, Wright Cyclone engine, 1230. 
Fuel and oil piping. Cyclone engine, 1654. 
and oil syslem, Siemens, 1083. 
for engines, acetylene, 1844. 
engines, Plan gas, 1853. 
engines, hydrogen gas, 1843. 

A\ asp engine, 1278. 

Whirlwind engine, 1649. 
level indicator, distance type, 1004. 
line joints, 1592. 
pilling and connections, 1590. 
pump, AC, 1598. 

A.M., 1519. 

clearances, Wright, 1171. 

Fiat, 1597 

M.A.\. Diesel engine, 1861 
Wright Cyclone engine. 1217. 

Wright Whirlwind. 1 162 
specifications. Cyclone engine, 1222. 
supply of Diesel engines, 1863 
sy stem, Cyclone engine, 1(»55. 
system installation, 1589. 
system. Whirlwind, 1643. 
tanks and supply* systems, 1595. 

«, tank, duralumin, 1603. 
tank specifications, 1589 
Full scale wind tunnel tests, 1695. 

Future engine development, 1497. 


Gasoline pump dn\e, McCook Field, 1588 
system, Met ook Field, 1585 
Das starter, Jlristnl, 1729 
Dear case and ignition assemblies, removal 
of, 1411. 

assembly, Curtiss D12, 1404, 1424. 
beared engines, Packard, 1488. 

Hearing a propeller, 1703. 

Gear meshing, how to regulate in 1)12, 1427. 
General instructions for overhauling, 1774. 
Generator adjustment, Packard, 1459. 

Genet engine sectional view, 1818. 
Goodyear non-rigid airship, 1843 
(iraf- Zeppelin characteristics, 1850. 

Gfaphic comparison of engine types, 1386 
Gregoirc water-cooled engine, 1903. 

Grinder for valve heads, 1792. 

Grinding 1)12 piston pifi bushing, 1420. 
Packard valves, 1478. 

Wasp engine valves, 1291. 
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( '.moves, for oil in hearings, 1807. 

precautions in cutting, 1809 
ground test, Wasp engine, 1283. 

Whirlwind engine, 1048. 

Wright Cyclone engine, 1221. 
liuide replacement, Whirlwind, 1181* 

H 

TTalf hour engine test, 1827 
1 tall Scott tool outfit, 1765. 

Hammers and mallets, 1743 

Hand and electric inertia starter, Eclipse, 

1725. 

starter, B.M.W., 1718. 

Wright, 1710. 

Wright Cyclone, 1218. 

Heath-TTenderson conversion, 077 
llendeistm conversion, 0 77 
Hexagon type air-cooled engine, 1370 
Hey wood air starter, 1723 
starter operation, 1725. 
installation, 1724. 

High speed Diesel engines, 1800. 

Hints for care of tools, 17o2 
JTispano-Suiza cannon type, 1000 
Hollow propeller huh, 1076 
Honing cylinders, 1785. 

Hornet engine, ABC', flat twin, 1002 
clearances, 1322 
description of, 1317 
installation, 1317 
installation drawing, 1319. 
key diagram for clearances 1323. 1 

operation, 1318 
specifications, 1320 
timing, 1320. 

paits interchange able with Wasp, 1317. 
Hubs, propeller, 1676. 

split type for propellers, 1087. • 

split type for three blade propeller, 1088. 
Hydrogen as fuel, 1843. 


Identifying pieces, markings for, 1775 
Ignition hv two magnetos, Packard, 1450. 
Cirrus engine, 1002 
cooling and lubrication, Condor, 1533. 
Cyclone engine, 1217. 

Packard battery-generator, 1457. 
systems, Packard, 1455. 
system, removal of Whirlwind, 1171. 
system, Rolls-Royce, 1527. # 

troubles, Sicmcns-Halske, 1098. 
wire identification, Packard, 1459. 
wiring installation 1584. 

Improvements in Packard engines, 1463. 
Indicator diagrams, Diesel and gasoline, 
1870. 


for Curtins D12 timing, 1431. 

Individual cylinders, alignment of, 1821. 

Induction manifold, Cirrus, 1000 
system, Wright J5, 1 1 ( >3 . 

Injection air starter, Heywood, 1723 
valve, Bielefeld, 1871. 

Inlet, manifold, Anzani, 1036. 

Inspecting and removing valves, 1780 
crankcase, 1802 
crankshaft, 1802. 

Cv clone engine valve geai , 1241. 

J5 parts, 1170. 

Wasp engine pistons, 1292. 

Inspection after twenty hours, 11 09 
after twenty hours, Packard, 1477 
and repair, Caminez juris, 1131 
and rejuir, ( \ clone engine jiaits, 1235 
of connecting iods, 1290. 

Cmtiss D12 cylinders, 1 122 
Cvclone engine cvlnulers, 12 >7 
1)12 crankshaft, 1417. 

D12 main hearings, 1410 
engine after overhaul, 1824. 
gear reductions, Packai.l, 1 4<S‘) 

Scorpion, daily, 994 

\.i1\i gear assembly, (amine/, 1128 

Wasp ciankshaft, 1303 

Wa.p ivlmdeis, 1304. 

Wasj) engine parts, 1302. 

Wasp pistons, 1304. 

Wright parts, 1178. 
routine, Cyclone engine, 1226. 
routine. Wright Wlmlumd, llo8. 
Whirlwind J5, 1109 

Installation, A.B.C. Scorpion engine, 991 
Ih istol Cherub engine, 987 
diagram, Wasp engine, 1279. 
di awing, American Scorpion, 1013 
Curtiss Dl 2D, 1410. 

Fairchild-t aininez engine, 1036. 

Hornet engine, 1319 
J4A and B engines, 1153. 

Ma>bach engine, 1857. 

Mena sco- Salmson, 1371. 

Siemens, 1076. 

Szekelv S.R.3 engine, 1010. 

Wright k\ clone, 1(>50. 

Wright Whirlwind, 1041. 
of Albatross engine, 15o4. 

Challenger engine, 1623. 
cooling systems, 1574. 

Curtiss 1312 engine, 1605. 

Dornier “Mcrkur” engine, 1565. 
electric wiring, 1584. 

Eokker wing motor, 1620. 

Henderson engine, 978. 

Hornet engine, 1317. 
outboard motoi, 1()18 
Packard battery-generator ignition, 
1458. 
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various engine types. 1558. 

Vcc and radial engines compared, 1028. 
wing motors, 1010 
Wrighl Wlnrlwmd, 1030. 

Installing air-euoled engines, 1010. 

J4B cylinders on J4A engines, 11 00. 

nose motor, ltd 7. 

pistons in cylinders, 1802. 

Siemens engines, 1074 

Instructions for running A B.C. Scorpion, 

002 . 

for overhauling engines, 1774 
Instruments aiding control, 1650. 
aiding navigation, ln50. 
aircraft, 1058 
hoard, Lindbergh's, 1063. 
hoards, typical, 16o2. 
engine, 1058. 
number used, 1050 
panel, consolidated, 100], 

Intake system. Wasp engine, 1273 
Integral radiators, (jrepoire, 1003 
Intermediate section, Cyclone engine, dis- 
assembly. 1230 

section, Wright, assembling. 1188 
Internal gear type oil pump, 1102. 

Inverted engines, carburet ion ol, 1401. 
engine lubrication, 1400 
engines, Packard, 1480 
engines, value of, 1500. 

Tsotta-Kraschini air-cooled engine, six-in- 
line, 1031. 

Asso 1000 W type, 1552. 

Vee engine, 1540. 

J 

J4A Wright engine, 1147. 

J4A and B Whirlwind inspection, 1108. 

J4 Wright engine, 1144. 

J5 induction system. 1L>3 
J5 service kit, 1170. 

J5 Whirlwind luhncntion, 1103. 

J5 Wriglit engine. 1150 
Joints for fuel line's, 1502 
Junkers aircraft Diesel, 1870. 
aviation engines, 1500. 
engine specifications, 1503. 

L5 engine, 1500. 

L55 engine, 1502. 

Jupiter air-cooled engines, 1358. 
crankcase construction, 1300. 
cylinder construction, 1302. 
engine sectional view, 1361. 
oiling system, 1303. 

K 

Kit of tools, J5 service, 1170. 


L 

Landing procedure, Wriglit Cyclone, 1222 

Lapping tool for crankshaft, 1805. 

Lead lap, use of, 1784. 

Leaking carburetor, causes ot, 1108. 

Leak proof tanks, 1580. 

Le Blond nankeasc construction, 1020. 
cylinder, 1022. 
engines, 1015. 
five-cylinder, 1018. 
nine cylinder radial engine, 1021. 
ninety, specifications, 1023. 
sixty, specifications, 1023 

Leopard engine, Armstrong-Siddi lev, 1381 

Lincoln rocket engine, 081. 

Lining up cylinders. 1821 

Link and piston assembly, ('amines engine, 

1120. 

List of tools, Siemens- T Ialske, 1007. 

Location of engine controls, 1582. 
radiators, 1570. 

Lorraine air-cooled engines, 1328 
crankshaft and rod group, 1332. 
five -cylinder radial engine, 1320. 
motor cylinder, air-cooled, 1331. 
piston and wristpin, 1331. 
planetary gear for propellers, 1700. 
reduction gear parts, 1711 
twelve-cylinder W type engine, 1520 
W type engines, 1520. 

Low oil pressure. Cyclone engine, 1224. 
oil pressure in Whirlwind, 1105. 

, power and uneven running, (y clone, 1225. 
propeller speeds with Caimncz engine, 
1110. 

Lubricating oils for Wright engine, 1052. 
system, Curtiss 1)12, 1008 
Fairchild-C.imiiuv, 1035. 

Packard inverted engine, 1400 
* Wasp, 1271. 

Lubrication, Cirrus engine, 1000. 
of Anzani motor, 1040. 
of gear reductions, Packard, 1488. 
system, Cyclone, 1054. 

Cyclone engine, 1214. 

Fiat, 1540. 

Packard engines, 1450. 
specifications, 1582. 

Wright J 5, 1103. 
troubles, Siemens, 1103. 

Wright Whirlwind, 1042. 

M 

Machine for grinding valve heads, 1702. 

Magneto bracket, Camincz, 1121. 
timing, Curtiss 1)12, *1432. 
timing, Wasp engine, 1312. 

Whirlwind, 1107. 
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wiring, Fairchild-Caminez engine, 1037. 
Whirlwind, 1643 
Wright Cyclone, I65n 
Alain hearing cap mnuv.il, Curtiss 1)12, 
1413. 

Maintenance, C irrus engine. 1 070 
Kclipsc series "6” slarter, 1730. 
of engine in stores, 1830. 

M A.N. Diesel engine, 1803 
fuel pump, 1804. 

Manipulation of piston rings, 1800. 

Mark II Cirrus engine, 1054 
Marking controls, 1581. 

D12 timing gear train, 1414 
on Whirlwind parts, 1185. 

Maximum fiber stress, formula for, 1701. 
Maybach engine crankshaft, 1855 
installation drawing, 1857. 
parts, 1850. 

mechanical details, 1855. 

YL2 engines, 1851. 

Measuring tools, 1755. 

tor<|iie of staitei clutch, 1738 
Mechanism opetatmg valves. Whirlwind, 
J 150 

valve operating of C\ clone, 1212 
Menasco- Salmson model 112, 1308 
sectional drawing, 1300 
Merccdcs-Hcnz Dll specifications, 1510. 
two-cyhndcr engine, 083 
t ype 1) 1 1 a engine, 1 500 
Meshing D12 timing gears, 1427. 

Metal propellers, alloy foi , 1702. 

design of, 1081. • 

Reed, 1083. 

MeP’ormotor radial engine, 100O 
Mclric micrometer graduations, 1701. 
Micrometer calipers, use of, 1700 
Miscellaneous air-cooled engine's, 1328. 

engine tumbles, Siemens, 1104. • 

Model designations, llristol-Jupiter, 1354 
J5 inspection, 11 00. 

Monoid piopellcrs, 1075. 

Motor mount for ( nrtiss OX5, 1501 
Mounting “Cain” engine, lo33 
Multi -crank engines, Cleveland, 1808. 

N 

N.A.C.A. cowling, 1020. 

Napier “Cub" engine, 1543. 

Lion clearances, 1831. 

‘ engine, 1530. 

engine stand, 1773. t 

engine tool kit, 17o7. 

Nature of carbon deposits, 1781. 

Navigation aids, # instnimcnts. 1050. 

New huh, fitting to shaft, 1080. 

standard motor mount, 1503. 

Nimbus A.D.C. engine cylinders, 1507. 


A D.C. engine spec ificat urns, 1508. 
water-cooled engine, 1503. 

Nine-cylinder engines, Wright, 1143. 

Non-rigid an ship, (ii tody ear, 1843. 

Ncnm.il operation, Whitlwmd, 1047. 

Nose cowling, Wright Cyclone, 1025. 
motor instrill.il ion easy. 1617. 
mounting, Fukker, 1024. 

Number drill set, 1750. 

O 

Observations al st.irt, Cuiliss D12, 1611. 

( )d .ii u 1 w.iler pump unit, I’.ickarcl, 1401. 
cooler, Packard rei onimrnd.it ion foi, 1454 
for Wright engines, 1oM 
fuel pump, 18M 
gron\c‘s m healings, 1807 
in crankcase, C\ clone engine. 1225 
in Wright crankcase, c.uise of, 1100 

Oiling system, A DC ( irrus, 1061 
system, Hristol-J upiter, 13<»3 

Oil pan assemhh , .removing Curtiss 1)12, 
1412 

piping. Whirlwind, 1042 
picssurc, (‘amine/, 1123. 

Cirrus, 1001. 

low, causes of in Whirlwind, 1105 
regulation, Curtiss M12, loll. 

Wasp engine, 1284. 
pump assembly, C aminez. D 22. 
assembly. D12, 1421 
construction, Packard, 1451. 
construction, Wright, 1172 
disassembly, Cyclone engine, 1233 
Fiat triple section, 1547. 
recommendations, Caminez engine. 1122 
retaining plugs, 1814. 
screens, cleaning, 101 3. 
sliicld. Kclipsc starter, 1735. 
specifications, Cyclone engine, 1222. 
specifications foi Wasp engine, 1281. 
summer and winter guide, 1052 
tank location, Whirlwind, 1042. 
temperature excessive-, causes of, 1108 
temperature excessive, Cyclone engine, 
1225. 

Operating conditions, Wasp engine, 1281. 
costs, air-cooled engines, 1385 

Operation of Kclipsc series “6’* starter, 
1730. 

Hornet engine, 1318. 

Packard engines, 1476. 

Was]) engines, 1277. 

Order of assembly. Caminez parts, 1133. 

Outboard motor installation, 1618. 

Overhaul and assembly, D12 engine, 1413. 
complete, Canum-z, 1130 
complete, Wright J 5, 1170. 

Cyclone engine, 1227. 
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of Whirlwind carburetor, 1204. 
top, Camincz, 1127. 
top of Scorpion, 095. 
top, Siomcns-Halske, 1106. 

Overhauling crankcase, Curtiss D12, 1413. 
Cyclone carburetor, 1257. 
engines, general instructions, 1774. 
stands, engine, 1771. 

Overlap of multi-engine air screws, 1674. 

OX engine stand, 1772. 

OX tool outfit, 1765 

Oxygen, use in burning carbon deposits, 1782 

P 

Packard 2A-1500 and 2 \ 2500 engine de- 
tails, 1409. 

1551 dirigible engine, 18*17 
adjustments, standard. 1471 
aircraft engines, 1437. 
clearances, standard, 1472. 
connecting rods and pistons, 1445. 
crankcase construction, 1444 
crankshafts, 1445 
cylinder construction, 1446. 

-Diesel engine, 1880. 

-Dorner Diesel aircraft engine, 1873 
dynamometer mom, 1828 
engine camshaft timing, 1484 
care, 1476. 
description of, 1442. 
improvement s, 1 463. 
operation of, 1476. 
preparing for service, 1473. 
reassembly, 1481. 
routine inspection of, 1477. 
starting, 1474. 
unpacking, 1472. 
valve grinding, 1478. 
with battery, starting, 1475. 
with magneto, starting, 1475. 
external oil s\stem, 1453 
generator adjustment, 1459. 
ignition distributors, 1455. 
igmtinn systems, 1455. 
inverted engines, 1489. 
inverted engine water circulation, 1491. 
lubrication system, 1450. 
oil and water pump unit, 1461 
oil cooling of exhaust valves, 1449. 
oil pump construction, 1451. 
return oil s\su>m, 1453. 
service tool kits, 1487. 
tappet adjustment, 1483. 
valve bousing. 1447. 
valves, regrinding, 1483. 
water circulation system, 1454. 
water-cooled engines, 1437. 

X engine, 1493. 

Panhard-Knight sleeve valve engine, 1522. 


Partially dismantled Siemens engine, 1086 
Parts of A.B.C. Scorpion engine, 989. 

Cirrus engine, 10o(). 

Le Blond radial engine, 1019. 

Nimbus engines, 1506. 

Szekcly S.R.3 engine, 1007. 
replacement in assembling Siemens, 1096. 
Performance, effects of altitude on, 1573. 

of “Cam” engine, 1119. 

Periodic examination, Caminez engine, 1125. 

inspection. Wasp engine, 1287. 

Pilot, placing relative to engine, 1564. 

Pins, piston, Cyclone engine, 1237. 

Piping and connections, fuel, 1590 
Pistons and connecting rods, Condor, 1531. 
connecting rods, Cirrus, 1057 
uumccting rods, Curtiss D12, 1107. 
connecting rods, Rolls-Royce, 1525. 
drive cam, Camincz, 1117 
link assembly, Camincz, 1129. 
piston rings. Cyclone engine, 1257. 
ring inspection, Curtiss 1)12, 1418. 
rings, Wasp engine, U(k» 
roller assembly, Camnn-z, 1116. 

Auzani, 1034 
clearances, 1798. 

distributor engine, two-CNcle, 1889. 
for Packard X engine. 1495 
inspection, 1798 
Packard, 1445. 

pin bushing grinding D12, 1420 
pin, Camincz, 1132. 
pm wear, 1802. 

'ling arrangement, Siemens, 1104. 
clamp for installing, 1800 
examination, 1799. 
fitting, 1801. 
manipulation, 1800. 
removal, strips for, 1800. 

Wright Cyclone, 1214. 

Planetary propeller drive gearing, 1709 
Pliers, forms of, 1741. 

Plugs, oil retaining, 1814. 

Plumbing tumbles, 1593. 

Power car of Los Angeles dirigible, 1838. 
army semi-rigid, 1839 
chart, Jupiter engines, 1364 
curves, A.B.C. Scorpion Mark II, 998. 
Cirrus engine, 1059. 

Wright Whirlwind, 1200. 
requirements of airships, 1835. 
transmission, dirigible, 1858. 

Pratt and Whitncj' Hornet engine, 1317. 
‘Hornet engine clearances, 1325. 

Wasp engine, 1267. 

Preheater, Siemens, 1076. 

Preparations to start Canhncz engine, 1124. 
Preparing Packard engine for service, 1473. 
to start Anzani engine, 1042. 
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Pressure fuel system luis fire hazard, 1599. 

low oil, in Whirlwind, 1165. 

Preventing corrosion of metal, 1569. 
Primary stresses in propellers, 17(H) 
system, installation of, 1591. 

Processes for valve grinding, 1793. 
Propellers, adjustable pitch, 1071. 
balancing Whirlwind, 1049. 
blade number, 1009. 
definitions, 16oO. 
design, aircraft, 1092. 
charts, 1093. 
empirical, lo09. 
fornuda for fiber slrcss, 1701. 
development, 1006. 
drive gears. 1700. 
drive gears. Lorraine, 1709 
efficiency below tcsl efficiency, 1097. 
efficiency, free flight, 1097. 
end view, Le Lionel engine, 1010. 
for “lam" engine, 1038 
for W asp engine, setting, 1277. 
hub, Curtiss 1)12, 1411 
hub, fitting to shaft, 1080. 
removal. Whirlwind, 1171. 
spline, S A K , 1079. 
hubs, 1070. 

Lei tner- Watts, 1082 
Monoid, 1075. 

more efficient at low speeds, 1091. 

mounting, Curtiss 1)12, lo07. 

mounting, Whirlwind, 1040. 

necessity for gearing, 1703. 

overlap, 1074. # 

pitch speeds, 1070. 

primary stresses in, 1700. 

shafts, splmcd, 1078 

shaft taper, S.A K . 1674 

standard steel, 1 087. 

strength of, 1702. 

substitute, 1098. f 

tests, full scale wind tunnel. 1095. 
’variable pitch. 1071, 1704 
Propulsion, cycloidal, loon. 

methods, airplane, 1065. 

Puller for Sicnicir engine hearings, 1100. 
Pump for fuel, Wright, 1102. 

Viking, 1102. 

Wright Cyclone fuel, 1217. 

R 

Racing engine, Mat AS3, 1544. 

engine, Isotta Fraschini AS3, 1 549. • 
Rack for holding crankshafts, 1777. 

Radial engine balance, 1148. 

Le Blond, lCtf 8. 

Salmson water-cooled, 1537. 

Radiator construction specifications, 1570. 


installation, 1570. 
location, effect of, 1570. 

Reamers, types of, 1749. 

use of, 1751. 

Reaming cylinders, 1784. 

Rear section Cyclone engine disassembly, 
1233. 

Wasp engine, reassembly of, 1309 
Reassembling Packard engines, 1481. 
parts of engines, precautions, 1820 
St romberg- Cyclone carburetor, 12.59. 

Wasp blower section, 1308. 
engine connecting rods, 1310. 
engine crankshaft, 1310. 
engine rear sect inn, 1309 
Whirlwind carburetor, 1200 
Reconditioning engines, operations in, 1778 
\alvcs, 1787. 

Record flights of Whirlwind engines, 1140 
Reduction gearing, value of, 1700 
gear, Bristol Jupiler, 1300. 
gears, inspection and oiling Packard, 1489 
gear, Rolls-Royce, 1527. 
gear, Rolls-Royce Condor, 1532 
Reed I) type metal propeller, 1084. 
metal propellers, 1083. 
propellers, manufacture and tests of, 1080 
Refitting engine bearings, 1803 
Regulating oil picssmc, Curtiss 1)12, loll 
Reliability of Diesel engine, 1881 
Remetalling bearings, 1808. 

Removal and installation of ball bearings, 
1817. 

Removing and grinding Packard valves, 1483 
replacing guides, tools for, 1182 
connecting rods, Wright, 1177 
crankcase front section, Wright, 1177. 
crankshaft, Wright, 1177. 
cylinders, Cyclone engine, 1229. 

D12 cylinders and pistons, 1412. 

D12 exhaust sparkplugs, 1409 
intermediate section, Wright, 1177. 
master rod, Wright, i 177. 
nose plate, Wright, 1177. 

Scorpion cylinder unit, 990. 
top cylinder, Wright, 1177. 
valve collar locks, 1184. 
valves, Wasp, 1291. 

Wasp engine crank shall, 1295. 

Wasp valves, 1291. 
wristpin locking rings, 1101. 

Renault motors, new scries, 1534. 

Repair depot tools for Whirlwind, 1180 
station tool equipment, W asp and Hornet, 
1294. 

Repairing stored cylinders, 1783. 

R.E P. fan type engine, 1899. 

Replacing piston rings, 1801 

valve guides, Wasp engine. 1306. 
valve guides, Whirlwind, 1180. 



XIV 


INDEX 


Requirements of engine mounts, IblO. 
Reseating and truing valves, 1791. 

Return oil s\ stem, Packard, 1453. 

Reverse gears for airships, 1712. 

Reversible engines, Maybach, 1852 
Rocker box and Cyclone valve tappet clear- 
ances, 1247. 

Rods, Whirlwind connecting, 1100. 

Roller bearings, assembling to sluft, 1811. 

crankshaft, dismantling, 1815. 
Rolls-Royce Condor engine, 1530. 

E type engines, 1523. 

planetary gear for propellers, 1707. 

reduction gear, 1527. 

Rotary engines, double, 18%. 
double acting, 1805. 
two-cycle, 1800. 

Rough running, cause of Was]) engine, 1283. 
Routine inspection. Pack. ml engines, 1477. 
Wasp engine, 1287. 

Wright J5, 11 00 . 

Rover air-cooled engine, 1051. 

R type Reed propeller, 1084. 

Rules and scales, 175b. ' 

Running ARC. Scorpion in llighi, 004 
ill engines after overhaul, 182b 
in Wasp engine, 1313. 
instructions, A R C Scorpion, 002 
instructions, Cirrus, 1069. 

Wasp engine in after top overhaul, 1203. 
Ryan Siemens engines, 1073. 
special tools, 1097. 

S 

S.A.E. splined propeller shafts, lb78. 

standard taper end, 1674 
Safety locking devices, Wasp engine, 1307. 
Salmson AR9 engine, 13bb 
AI>9 specifications, 13b7. 
air-cooled engines, 1045 
water-cooled radial engine, 1537. 

Saurer- Diesel combustion chamber, I860. 

Diesel engine, 1868. 

Scales and rules, 1756. 

Scarab engine, Warner, 1027. 

Scintilla magnetos for Packard engines, 

1457. 

Scored cylinders, repairing, 1783. 

Scorpion, American four-cvliiider engine, 

1012. 

engine, A.R.C. English, 000. 
ball bearings, 903 
reassembly after oveiliaul, 1001. 
top overhaul, 00.5 
Scrapers, how to make, 1806. 

Scraping crankshaft bearings, 1805. 

Screw overlap in multi engine types, 1674. 
Sectional drawing, Cameron engine, 1330: 
Wright-Morchousc, engine, 979. 


view, Rugatti engine, 1907. 

Camiucz engine, 1112. 

Continental engine. 1351. 

Curtiss D12D, longitudinal, 1402. 
dirigible clutch, 1861. 

Dorner pump, 1874. 

Dorncr spray nozzle, 1875. 

Eclipse series “6” starter, 1731. 
fienel engine, 1818. 
llispano-. Suiza "Cannon” engine, 1906. 
Isotta Erasehini, 1551. 

Jupiter engine, 1361. 

M A.N. Diesel, 1863. 

Mercedes-llenz K-7502, 984. 

M enasco-Salmsf m, 1369 

of Wasp blower drive cluleb, 1301. 

Packard 2A-1500 engine, 1443. 

Packard model 2A-1500 inverted, 1440 
Packard 1551 engine, 1849. 
Sauier-Diesel, 1868. 

Siemens engine, 1078. 

Strombcrg carburetor, 1601. 

Sum carburetor, 1100. 

Wasj) engine, 1272. 

Wright Cyclone, 1211. 

Seetion of Curtins D12D nigme, transverse, 
1400. 

J5 Whirlwind, 1158 
Packard model 2A-1500 inverted, 1446 
Wright J4A and J4R, 1151. 
Self-starters, 1712 
Senes “6” Ecli])se starter, 1730 
Service given by air-cooled engines, 1385 
1^»ol kits, Packard, 1487 
tools. Was]) engines, 1280 
Setting Camine/ Strombcrg carbiuetor, 1130. 
J5 carburetor, 1201 
Was]) engine propeller, 1277 
Seven-cylinder radial, Warner Scarab, 1023. 

R E P. engine, 1000 
Shutter mountings, 1578 
operation, 1577 

Side view, A.R C. Scnipion engine. 00(>, 
Siemens crank starter wiring diagram, 1080 
exhaust collector, 1076. 
fuel and lubrication systems, 1083. 
general description, 1078 
•Iialske carburetion troubles, 1101. 
connecting rods, 1081 
crankshaft, 1080. 
c>lincler, 1081. 
cylinder head, 1083. 
engines, 1073. 
engine carburetor, 1108. 
engines, dismantling, 1002. 
engine, ])artially dismantled, 1086. 
engine section, 1078. 
engine, starting, 1090. * 
engine types, 1074. 
ignition, 1087. 
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ignition troubles, 1098. 
ignition wiring, 1088. 
lubrication troubles, 1103. 
timing diagram, 1084. 
tool kit, 1094. 

piston ring arrangement, 1104. 
preheater device, 1070. 

Six-cylinder Anzani engine timing 1039. 
engine, Beardmore, 1511. 
engine, BMW Va, 1515. 
in line engine, lsotta-Fraschini, 1031. 

Sizing and finishing cylinders, 1784 

Skilled workmanship in engine repairing, 
1778. 

Skirts, Caminez cylinder, 1134. 

Sleeve valve engine, Panhard 12L, 1522. 

Smith radial engine, 1892. 

Solid reamers, 1751 

Spark control lever, Fairclnld-( aminez en- 
gine, 1037. 

Sparkplug inserts, Cyclone, 1240 

Special repair shop tools, Packard. 1480. 
tools for Siemens- Halske engines, 1095 
for Whirlwind repair depot. 1180. 
wrenches, 17-13 

Specifications, A B C. Hornet, 1005 
A.B.C Scoipion. 991. 

BMW Va engine. 1510. 

Bristol Jupiter, 1350 
Cameron fonr-m line, 1051. 

Cirrus engine, 1055 
Continental air-cooled engine, 1352. 
Curtiss Challenger engine, 1340 
Curtiss Chieftain. 1381. § 

Curtiss 1)12, 1408. 

Dayton “Beai ” engine, 1015. 
for engine control, 1581. 
engine cowling. 1583. 
engine installation, 1580. 
exhaust system, 1592. 
fuel piping, 1590. # 

fuel s\ stems, 1589. 
fuel tanks, 1589. 
ignition wiring, 1584. 
lubrication system, 1582. 
radiator construction, 1576. 
temperature control, 1577. 
water cooling systems, 1579. 

Isotta engines, 1555. 
lsotta-Fraschini, SOT, 1033. 

Junkers L55 engine, 1503. 

Le Blond flirty, 1022 
J_e Blond ninety, 1023. 

Le Blond sixty, 1023. 

Lincoln rocket, 982. • 

Menasco-Salmson, 1370. 

Mercedes-Benz Dll, 1510. 
Mercedes-Benz* two-cy Imder, 983. 

Napier Cub, 1544. 

Nimbus engine, 1508. 


of Hornet engine, 1320. 
of Napier- Lion engine, 1543 
of Waiter-Castor engine, 1349. 
of Wasp engine, 1275 
Packard engines, 1409. 

Rnlls-l\o\cc Condor engine, 1530. 
Kolls-l\n\ tc engines, 1524. 

Sal in son AB9 engine, 13n7. 

Siemens engines, 1074. 

Super- Flume engine, 1029. 

Warner Scarab engine, 1027. 

Whirlwind engines, 1155. 

Wright Cyclone, 1219. 

Wright engine oils, 1051. 

Wright JO eueincs, 1205. 

Wright V1450 air moled engine, 1333 
Speed and thrust, two blade pmpellcrs, 1070 
Splincd hubs, S A K , U>79. 

propeller shafts, lo/H 
Split hubs for stand.ud pmpellcrs, 1087 
pm iemnv.il and insertion, 1747. 

Spring loading, Whulwind valve, 1157. 
camshaft, 1820. 

Standard huh construction, 1089. 

Packard adjust mints, 1471 
Packard clearances, 1472 
propeller for Cyclone divine, 1091 
propeller for Wa*p (iignic. 1091. 
steel propellers, 1687. 

Stand for accessories drive gears, 1775 
Stands for engine o\ ei hauling, 1771 
Starter dutch lorque test, 1734. 
control panel, Fiat, 1721. 
electric engine, 1715. 
for aviation engines, 1712. 
practice, l T . S Navy, 1713. 

Whirlwind, 1646. 

Starting and normal operation. Cyclone, 

1220 . 

Caminez engine, 1124. 

Curtiss 1)12 engine, 1010. 
methods, engine, 1713 
Packard engine, 1474. 

Packard engine with battery ignition, 1475 
Packard engine with magneto ignition, 

1475. 

procedure, Wright Cyclone, 1220. 

Siemens- Halske engine, 1090. 

Wasp engine, 1281. 

Whirlwind engines, 1047. 

Static radial engine, early, 1891. 

Salmsou water-cooled, 1904. 

Steam cooling for airship engines, 1846. 

traps in cooling system, avoiding,' 1454. 
Steel for engine mount construction, 1567. 
Storage of engines, 1613. 

of Wasp engines, 1287. 

Straight edge for cylinder alignment, 1821. 
Strainers, installation of, 1591. 
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Strength of propellers, 1702. 

whirl test for, 1 70.? 

Stresses, primary in propellers, 1700. 

Strips for piston ring removal, 1800. 
Stromberg carburetor for C 'amines engine, 
1137 

for 2A-1500 engine, 1460. 
for 2A-2500 engine, 1461. 
for 3A-2500 engine, 1467. 

NAT4 carburetor for J5, 1201. 

NA-U5G for J4A and J4B, 1645. 

NA-V7A carburetor instructions, 1253. 
Study of various air-cooled engine types, 
1375. 

Sum carbuielor of Siemens engines, 1108. 
Summary of tear down operations, Pack- 
ard, 1470. 

Summer grade oils, 1652. 

Supercharger, assembling Wright Cyclone, 
1240. 

clutch parts. Wasp, 1302. 

drive clutch, Wasp, 1301. 

drive, Wright Cyclone, 1250. 

impeller inspection, Wright C\ clone. 1242. 

oil seal, Cyclone engine, 1243 

section disassembly, ( yclonc, 1235. 

Wright Cyclone, 1210. 

Super- Rhone static radial, 1028 
Svlplion bellows pump, 1516 
Systematic disassembly Siemens engines, 
1044. 

Szekely SR3 engine, 1006. 

T 

Table of fits. Hornet engine, 1322. 
fits, Wasp engine, 1314 
propeller pitch speeds, 1670. 
propeller spied and thrust, 1670. 
Tabulated comparison of engine types, 1386. 
'Pachometer dine connection, “Cam” cn- 
engine, 1638. 

drive connection, Whirlwind. 1646. 
Taking down NA-Y7A carburetor, 1257. 

valve gear, Cyclone engine, 1230 
Tanks, crashproof fuel, 1580. 

leakproof fuel, 1580. 

Taper end, S A.K. standard shaft, 1674. 

reamers for valve seats, 1701. 

Tappet adjustment, Packard, 1483 
clearance adjustment, Wright, 1100. 
clearances, Cirrus, 1057 
Taps and dies, 1740. 

Tear down inspection, Curtiss D12, 1400. 
Temperature control, 1575. 
control specification, 1577. 
of oil excessive, causes of, 1168. 
Ten-cylinder Auzam engine timing, 1039. 
Testing bearing parallelism, 1822. 
engine after overhaul, 1825. 


bolding power, Wasp blower clutch, 1303. 
scraped surfaces, 1806. 
valve seating, 1705. 

Tests of Reed propellers, 1686. 

Thermal efficiency, Diesel, 1877. 

Thermoid engine mount for “Cam” engine, 
1633. 

Thermometer installation, 1578. 
Three-cylinder Le Blond engine, 1017. 
Timing Anzani engine, 1038. 

Camincz engine, 1135. 

Cirrus engine valves, 1068. 

Curtiss D12 magnetos, 1432. 

Cyclone engine, 1245. 

1)12 engine, 1430. 
diagram for Cirrus valves, 1068. 
diagram, Siemens-Halske, 1084. 
gear markings, Curtiss 1)12, 1414. 
gear tram, Curtiss D12, 1405 
gear. Wasp engine, 1271 
Hornet engine, 1320. 
indicator, Curtiss 1)12, 1431. 
magneto, Packard engines, 1457. 
marks on Siemens crankcase. 1105 
method, magneto on Whiilwind, 1108 
Packard battery ignition distnbutoi, 148 : . 
Packard, checking without dismantling,, 
1478 

Packard engine camshafts, 1484. 
three-cylinder Anzani engine, 1038 
six-cylinder Anzani engine, 1030 
ten-cylinder Anzani engine, 1030. 

Wasp engine, 1312 
yVhirlwind engine, 1106. 

Whirlwind valves, 1156. 

Wright Cyclone magnetos, 1251. 

Tolerant es and running fits, 1831 
Tongs fur compressing valve springs, 1786 
Tools equipment for Wasp and Hornet re 
pair stations, 1204 

for adjusting and erecting engines, 1741 
ball bearing install, it ion, 1817 
equalizing eraiikpms, 1807. 
grinding J5 valves, 1103. 
lapping crankshaft, 1805. 
measuring, 1755. 

removing valve guides. Whirlwind, 1182 
thread cutting, 1754. 
truing crankshafts, 1805. 
valve truing, 1701. 

Whirlwind, repair depot, 1180. 
hints for care of, 1762. 
kit for Hispano- Suiza engine, 1771 
for Napier-Lion engine, 1767 
f'or Siemens-Halske engine, 1004. 
for Wasp engine service, 1280. 

J5 service, 1170. 

Packard service, 1487. * 
outfits, typical, 1763. 
used in refitting bearings, 1804. 
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Top overhaul, A.B.C. Scorpion, 995." 
Cammez engine, 1127. 

Siemens-] lalske, 1 lUf>. 

Wasp engine, 1288. 

Torque test, Felipse sciies “0” starter, 1724. 
Transmission of power in dirigibles, 1858. 
Triple section oil pump, Fiat, 1547 
Troubles in Anzani engine, locating, 1044. 
Cirrus engine, 1070. 
pistons, 1798. 

Siemens carburet ion, 1102 
Siemens-llalske, miscellaneous, 1 104. 
Wliii lwiiul engines, 11fi5. 

Wright Cy clone engine, 1224 
plumbing, 1593. 

Truing surfaces by scraping, 1800. 

Tubing for engine mounting ring, 1021 
Twelve-cylinder BMW VI engine, 1518 
hexagon engine, 1370 
W type, Lorraine engine, 1520 
Twenty-four cylinder X engine, 1493 
Twenty hours inspection, Cyclone engine, 
1220. 

Packard, 1477. 

Twisted camshaft, 1820 
Two-cycle engine, Meteormotor, 1000. 
in line engines, 1880. 
piston-distributor engine, 1889. 
rotarv engines, 1890 
\ee tv pe, 1887. 

cylinder engines, A.15 C. Scorpion, 988 
Bristol Cherub, 985 
Mercedes- Ben/. 982. 

Morehouse, 98 2 

hours engine test, 1820. § 

Types of Siemens engines, 1074. 

U 

Uneven running, Wright engine causes, llUO 
Unpacking and cleaning Fan child- Ufcmuncz 
engine, 1033 
Cyclone engine, 1052. 
liirtiss 1)12 engine. If >04. 

Packard engines, 1472 
Wright Wliii hvind engine, 1 (>40. 

Cnusual aircraft engines, 1880 
Cse of carbon scrapers, 1781 
Using Vernier caliper, 1758. 

U. S. Navy airships, characteristics of, 1835. 

V 

Value of inverted engines, 1500 
Valve actuation, An/aiu, 1034 • 

and rocket arms, Anzani, 1030. 
springs. Whirlwind, 1102. 
valve gear, ki rrus . 1050. 
valve springs, Cyclone inspection, J241. 
collar locks, removing, 1184. 


Curtiss D12 inspection, 1413. 
gear inspection, Cyclone, 1241 
parts disassembly. Wasp engine, 1299. 
taking down Cyclone engine, 1230. 
Whirlwind, 1159. 
grinding abrasives, 1795. 

Packard, 1478 
processes, 1 793. 

W.isp engine, 1291 
guides. Cyclone eneine, 1239 
replacement, Wlm lvvind, 1180. 
replacing Wasp. 1300 
head grinder, 1792. 
housing, Packard, 1447. 
lever and brae ket, C 'amine/, 1130 
nic^h.iuisin, adjusting Wright. 1194. 
clearances. Whirlwind, 1170 
(uiliss D12, 1401 
\\ asp engine. 1270. 

operating mechanism, assembling Wright, 
1190. 

Cv clone, 1212. 

Whirlwind, 1159. 
system depreciation, 1190. 
reconditioning, 1787. 
icmovnl and grinding, Siemens, 1107. 
removal and inspection, 1780 
mcker and tappet, W'riglit J5, 1175. 
scaling, testing, 1795 
seat lapping, 1790. 
reamers. 1791. 
widths, 1789 

spring asscmhlv. Cyclone, 1213 
compressor, Fiat, 1780 
compression tongs, 178o 
loading. Whirlwind, 1157. 
assembly of W right, 1192. 
stem guide alignment, 1788 
stem guide wear, 1789. 
tappet cle.it ances, Cyclone engine, 1247. 
timing Cirrus engine, 1008. 

Curtiss 1)12, 1432 
Wasp engine, 1312. 

Whirlwind, 1150 
tool for gi Hiding J5, 1193 
W'riglit Cyclone, 1213 
Variable compression engine, Damblanc, 
1893. 

pitch propellers, 1071, 1704 
Vce type two-cycle engine, 1887. 

Vclic aircuft engine, 1029. 

Vernier calipers, 1758 

Viking air-cooled X type, 1901. 

fuel pump, 1102 
V ought engine mount, 1617. 

W 

Waltcr-Castoi engine details, 1347. 
specifications, 1349. 
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Warner Scarab engine, 1023. 

Wa^p crankcase, 1207. 
crankshaft, disassembling, 1298. 
crankshaft, inspection, 1303 
crankshaft, taking down, 1300. 
engine accessory drives, 1271. 

accessory section, disassembly of, 

12%. 

assembling parts, 1307 

blower drive gearing, 1298. 

clearances, 1314. 

cl ill cl i for blower drive, 1299. 

cold weather operation, 1280. 

connecting rods, 1209 

connecting rods, disassembly, 1299. 

connecting rods, reassembling, 1310. 

crankshaft, 1209. 

crankshaft, reassembly ol. 1310. 

crankshaft removal, 1205. 

cylinders, 1270 

cylinders, inspection, 1304. 

description, 1207. 

disassembly, 1288. 

fuel, 1278.' 

ground test, 1283. 

installation diagram, 1279. 

intake system, 1273. 

lubricating oil for, 1281. 

magneto timing, 1312. 

miscellaneous details, 1273. 

oil pressure in, 1284. 

operating conditions, 1281. 

operation, 1277. 

parts, inspection of, 1302. 

periodic inspection, 1287. 

pistons, inspecting, 1202. 

pistons, inspection of, 1304. 

piston and rings, 1300. 

propeller, 1091. 

rear section leasseinhly, 1309. 

reassembling- Mower section, 1308 

reassembly after top overhaul, 1292. 

rough running, 1283 

routine inspection, 1287. 

running in, 1513. 

safety locking devices, 1307. 

sectional view, 1272. 

service tool kit, 1289. 

specifications, 1275. 

starting, 1281. 

storage, 1287. 

timing, 1312. 

timing gear, 1271. 

to get best economy, 1285. 

top overhaul, 1288. 

treatment when new, 1285 

valve gear parts, disassembly of, 1299. 

valve guides, 1300 

valve mechanism, 1270 

valves, removing, 1291. 


when complete overhaul is needed, 
1293. 

lubricating system, 1271. 

Water and oil pump unit, Packard, 1461. 
circulation, Packard, 1454. 

Packard inverted engine, 1491. 

-cook'd Curtiss V-1400 engine, 1392. 
engines, Curtiss, 1391. 

designing into aircraft, 1557. 
Bcaidmore, 1511. 

BMW Ya, 1513. 
economy of, 1490 
Mercedes-Benz 1)1 la, 1509. 

Fackard, 1437. 

radial engine, Salmson, 1537. 
connections and piping, 1578. 
in exhaust gas, 1845. 
pump, Fiat, 1548. 
recovery apparatus, 1840 
recovery, value of, 1845 
tanks, expansion and auxiliary, 1578. 
Wear in valve operating mechanism, 1796. 
wrist pm, 1802 

Weather extreme s, cowling for, 1027. 

Weight of airships. 1837. 

cooling s\ steins, estimated, 1575. 
Wherry engine, rotarv, 1898. 

Whirl test for strength, 1703. 

Whirlwind accessory chive, J4A and B, 
1152 

carburetor overhaul, 1204 
connecting rods, assembling, 1187. 
crankcase, 1159. 
crankcase, assembling, 1180 
oGrbuictor, dismantling, 1205. 
caihurctoi llo.it level, 1207. 
ciankshaft, 1159 
cylinders, removing, 1172. 
engine development, 1144. 
does not start, 1105. 
flight test, 10-18. 
fuels for, 1049. 
ground test, 1048 
method of timing, 11%. 
normal operation, lo47 
parts, assembling, 1183. 
specifications of, 1155. 
starting, lo47. 
troubles, 1165. 

Wright, 1143. 

front section, assembling, 1188. 
fuel system, 1(>43 
general description, 1157. 
installation drawing, 1041. 
installation drawing, J4A and B, 1153. 
J4A' and B inspection, 1168. 

J4A model, 1147. 

J4 radial engine, 1144. j 
J5 carburetor, 1201. * 

J5 cylinder, 1161. 
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J5 cylinder removal, 1173. 

J5 inspection, 1169. 

J5 model, 1150 
J5 sectional view, 1158 
J(> engines, 1261 
J6 engines, description, 1263. 
lubrication, 1642 
magneto timing, 1108 
magneto wiling, 1643 
parts, how marked, 1185 
parts, inspection of, 1178 
power curves, 1200 
propeller, balancing, 1640 
propeller mounting, 1646 
tappet clearance adjustment, lO'O 
valve operating mechanism, 115o 
valve timing, 1156 
valves and springs, 1162 
Wing motor installation, 1610 
Winter grade oils, 1652. 

Wiring, Cyclone magnelo, 1656 
diagram, “Rooster" hpt magneto, 1710 
crank handle starter, 1080 
Siemens ignition, 1088 
Whirlwind magneto, 1643. 

Wobble plate Ivpe engines, 1807 
Workmanship in engine icpaiiiug, 1778. 
Wrenches, special, 1743 
Wright cowling, 1643 
Cyclone carburetor, 1255 
engine, 1208. 
assemble, 1241. 
flic 111 operation, 1221 
inspection routine, 1226. 


landing procedure, 1222 
parts, assembling, 1245 
stction.il view, 1211 
si art in.*’,. 1220. 
timing, 1245. 

engine, tame of uneven running. 1166 
development, 1144 
pel h i mances, 1145 
unpacking and cleaning, 1652 
hand starters, 1716 
ls’iiMion, 1162 

J5 lubrication svstem, 1163. 

J 6 i-iigincs, specific utioiis nf, 1265 
JO Whirlwind series, 1261 
luhru alum, Whirlwind, 1642. 
iMmelioiise engine, 070 
rear section, assembly ol, 1100 
'I oruado V 1456 engine, 1333. 
valve operating mechanism, assembling 
1100. 

Whirlwind engines, 1143 
Wlmlwind engine installation, 1630 
Whirlwind, HA ujginc, 1147 
Whirlwind, V5, 1 151) 

Wi is 1 pins, fitting Curtiss f)12, 1410 
wear. 1802 

X 

X eiieine, Patkard 24 cv Under, 1403 
X t\pe «ur tooled engine, 10()1 

Z 

Z type Reed piopeller, 1685. 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ALLOYS AND ALUMINUM 


M1TALS AIU) THEIR ALLOYS. By Charles Vickers. 

This work is intensely practical, and is indispensable to everyone interested in metals 
and their alloys. The owner, inanagci , metallurgist, chemist or the worker in the 
shop will find here information that heretofore lias been so difficult to obtain it deals 
with metals from their origin to their useful application, both individually and as part* 
of alloys, used where strength, ductility, toughness, durability, lightness, color, hard- 
ness, cheapness, conductivity or bearing properties are demanded The chapters 
on the casting of copper, the making of mangant'so bronze, aluminum bronze, 
aluminum alloys, red brass, yellow brass, steam metals, bearing metals, babbitts, 
white metals, phosphor bronze, gun metals and nickel alloys are crowded with for- 
mulas, tested and tried, together with the physical properties of the alloys and their 
casting peculiarities. It is a treasure-house of information Tor the metal worker, 
a convenient reference for the trained technical man, and a source of inspiration for 
the engineer who must, select alloys most suitable for his work. SOU (t»xtl) pages. 

1 10 illustrations. Trice ... $7.50 

METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS. By Roreut 
J. Anderson. 

This volume Is a modern, authoritative treatise on the metallurgy of aluminum and 
its light allovs, and covers the subject fully from the nulling of The ores to the fab- 
rication and applications of tlie metal. While it has been written especially with a 
view to being practical, the more theoretical aspects of the subject have not been 
neglected. The origin, occurrence and distribution of aluminum ores and methods 
of mining are taken up in an early chapter, wlnlt'. the production or aluminum itself 
bv modern electrolytic methods is also discussed The uses and applications of the 
metal and its alloys an? treated in detail (Considerable attention is given to the 
preparation of alloys for casting and working, and the most approved methods for 
preparing the principal alloys are taken up. The best methods of melting, together 
with descriptions of the principal types of furnaces, an' given detailed treatment. 
Tin' founding of aluminum alloys, including casting losses and defects, is discussed 
quite fully, and the information will be of great value to foiuidrymen in the successful 
production of castings. 1)00 pages (0x0). 205 illustrations. i’ricu . . $10.00 

AUTOMOBILES 


THE AUTOMOBILISPS POCKET COMPANION AND EXPENSE RECORD. 

By Victor W. Page. 

Tins book Is not only valuable as a convenient cost record, but contains much in- 
formation of value to motorists Includes a condensed digest of auto laws of all 
States, a lubrication schedule, hints for rare of storage battery, and care of tires, 
location of road troubles, anti-freezing solutions, horse-power table, driving hints 
and many useful tables and reel jaw of interest to all motorists. Pocket size. Price 

$ 1.00 


AUTOMOBILE WELDING WITH THE 0XY-ACETYLENE FLAME. By 

M. Keith Ditnham. 

Explains in a simple manner apparatus to be used, Its care, and how to construct 
necessary shop equipment Proceeds then to the actual welding of ail automobile 
parts, m a manner understand al)lo by everyone, (lives principles never to be for- 
gotten This book is of utmost value, since the perplexing problems arising when 
metal is heated to a melting point are fully explained and the proper methods to 
overcome thorn shown. 107 pages Fully illustrated. Price $1.50 

HINTS AND TIPS FOR AUT0M0BILISTS. By Victor W. Pag£. 

TIh! book is ideal for the busy man or woman who wants to know about car oimraliun 
and upkeep because of the economies possible when an automobile is intelligently 
operated. It contaius many money-saving hints and a brief simple exposition or 
location and remedy of roadside troubles apt to occur under ordinary operating 
conditions. Price 76 cents 


3 
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AUTOMOBILE REPAIRING MADE EASY. By Victor W. Pauk, M.E. 

A ceiinpre’he'iisive*. practical exposition of every phase of modern automobile repairing 
practice. Outlines every process incidental to motor car restoration (live s plans foi 
workshop construction, suggestions lor equipment , power needed, machinery and tools 
necessary to carry on the business successfully Tells how to overhaul and repair all 
parts of all automobiles. Every t hing is explained so simply t liat motorists and si udents 
can acquire a lull working knowledge of automobile repairing This work starts with 
tiie engine, then considers cnrbureLion, ignition, cooling and lubrication systems The 
clutch, change-speed gearing and transmission system are considered in detail Contains 
instructions for repairing all types of axles, steering gears and ot her chassis parts 
Many tables, short cuts in figuring and rules of practice are given for the mechanic 
Explains full v valve and magneto timing, ‘‘tuning” engines, systematic location of 
trouble, repair of ball and roller hearings, shoo kinks, first aid to injured and a multi- 
tude of snlqects of interest to all in the garage and repair business 
This book contains special rnstrw turns on chetne starting , lighting amt ignition systems, 
tire repair nu ) and rebuilding , autogenous welding, brazing and solder mg, heat ti eminent of 
steel lab st tuning prmlicv, eight and twelve-cylinder motors, etc. j^xN. Cloth l(lht) 
pages, 1,000 illustrations, U folding plates Price $3.00 

WHAT TS SAID OF THIS ROOK: 

•“Automobile Repairing Made Easy’ is the best book on the subject T have ever seen 
and the only book I ever saw that is of anv value in a garage.”— Fred Jeffrey, Martms- 
burg, Neb. 

‘‘I thank you for ‘Automobile Repairing Made Easy’ T do not. think it could he 
excelled.”— S. W. (iisriel. Director of Instruction, \T <\ A., Philadelphia. Pa 

AUTOMOBILE STARTING, LIGHTING AND IGNITION SYSTEMS. By 
Victor W. Pack, M.E. 

This practical volume has been written with special reference to the requiremenl s of I he 
lion-technical reader desiring easily understood explanatory matter, relating to all 
type's of automobile* ignition, starting and lighting systems It can Ik* undei stood h\ 
anyone, e'Ve*n without electrical knowledge, because elementary electrical principles an* 
cemsidered before* any attempt is made to discuss features erf the* various systems 
Tlies 1 * basic principles are clearly stated and illustrated with sinipk* diagrams \il the 
Icadinq systems of starting, lighting and ignition have been desenbed and illustrated with 
the (u-operation of the experts employed by the manulactmers Wiring diagrams an* 
shown in both technical and nem-tcchnieal forms All sunbeds are* fully explained It 
is a comprehensive revie*w of modem start ingnrnl ignition system practice*, anel me-luehs 
a eompk’te (‘xpositum or storage battery construction, care anel repair All t\pe*s «»l 
starting motors, ge'uerators, magnetos, and all ignition e>r lighting sysf.em units are 
fully explained. Tim systems e>f ears alre*adv in use*, as xve*ll as those that, are* to cimn 1 
are" considered Every ' person m the automobile business needs this volume. r> 1 , \7 1 .» 
riotli. Still page's, 5ti3 illustrations, over 325 Wiring Diagrams, I'rice . $3.00 

HOW TO RUN AN AUTOMOBILE. By Victor W. Pa ofi. 

This treatise gives concise* instructions for starting anel running all makes erf gasoline 
automobile's, how to can* for them, anel gives distinctive feature's of control De*- 
Nrrihcs every stej) ten- shifting ge*ars, controlling engiue, etc. Among the chapters 
eontaine'd are 1 Automobile Parts and Their Piinetions II (iencrul Starting 
and Driving Instructions ill, Oontml Systems — (km* erf Automobiles Tiioroughlv 
illustrated 17S pages 72 illustrations. Price $1.00 

THE MODEL T FORD CAR, ITS CONSTRUCTION, OPERATION AND 
REPAIR, INCLUDING THE F0RDS0N FARM TRACTOR, F. A. LIGHT- 
ING AND STARTING SYSTEM, FORD MOTOR TRUCK. By Victor 
W. PA<ifi. 

This is the most complete* and practical instruction be>ok ever published on the Ford 
car and Ennlson tractor All parts erf tlm Pore l Model T car and Pontoon tractor 
are eleseriiu*el anel illustrated in a iximpreliensive manner. The construction is 
fully trvatcel and operating principle made* clear to everyone ('omph'to instructions 
fur driving anel re*pairing are* give*n Te> the New Revised Eelitiem matter lias he*e*n 
addeel on tile Porel Truck and Tract eir (inversion Sets and (Jen nine* Pontoon Trae tor 
All parts are* desmlied All rei»air proe-esses illustrated and full v eixplaine*el Writte*n 
so all ran understand — no theory, no guesswork New rcvisesl and enlarged Edition 
I us I published 1S7 illustrations, 155 pages, 2 large* folding plates. Price . $2.00 
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THE MODERN GASOLINE AUTOMOBaE— ITS DESIGN, CONSTRUC- 
TION, OPERATION AND MAINTENANCE. By Victor W. Pace, M.E. 

Just oil the press — M kw 11KJS Edition 'Plus is the most complete automobile hook 
over issueal CoveTs every recent improvement in relation to Hu* automobile A 
complete illustrated description ol the new Ford Model A Car is included This is 
the most complete, practical and im-to-dalo treatise oil automobiles and their com- 
ponent parts ever published All phases of automobile construction, operation 
and maintenance are fully and completely described and m language anyone can 
understand. Every part ot nil I y pes of automobiles Troni light Ciirs to lie.i\y motor 
t nicks and road tractors is described in a thorough mamici , not only the automobile 
but every item ol its equipment, accessories, tools needed, supplies and spare parts 
necessary for its upkeep are fully discussed It I nil v considers the power plant and 
its auxiliaries, also chassis and body construction m minute detail All latest develop- 
ments, such as high speed motors, sleeve valve engines, straight eight engines, air 
cleaners, fuel iilters, oil separator and rectifiers and unmet nils other developments 
* are considered m detail The latest ignition, cnrhuictor and lubrication practice 
is outlined New forms ol clumgi speed gears, and final power transmission systems, 
and all latest chassis improvements arc shown and described, such as Four-wheel 
biakcs, air brake systems balloon tires, liypoid gear drive, tour-wheel drive, Front- 
wheel drive, etc . , 

The large demand for the previous editions of this book, this being the sixth tune 
the book has been completely revised and entirely reset, makes it possible 1 to treat 
in detail all the latest improvements, including the new Model A Ford ear 
'Phis bonk has been the standard tor many years, and jsused m practically every auto- 
mobile school, college* and university as a textbook — and bv the United Slates Army 
ami Navy. 1000 new illustrations 1 1.00 (0x0) pages. Price .... $5.00 

WHAT IS SAID OF THIS HOOK: 

“It is the best book on the Automobile soon up to elate " — J. 11. Pile, Assorlato Editor 
Automobile Trail? Journal. 

“ Every Automobile^ Owner has use for a book of this character. — The 1 radvsmnn ? 
“This’beiok is superior to any treatise heretofore published on the subject ." — The 
Inventive Aye. 

THE MODERN MOTOR TRUCK, ITS DESIGN, CONSTRUCTION, OPERA- 
TION AND REPAIR. By Victor W. Pac*;. 

Treats on all types e>f motor trucks and industrial tractors and trailers. It considers 
■ill I vors of trucks, gasoline and cloclnc, and all varieties of truck bodies. This nook 
Is written m language 4 cveiyoue can iinelerstand and is not in any sense 1 ol the weird 
a technical treatise It is\i pmctuil volume that will make 4 special appeal to the 
triie’k driver who sre 4 ks to bctt**r Ins peisitioii and lei the mechanic eharge'el w 7 ith the 
riii.uL- and upkeep of tru< ks Tin- factoiy or business executive who wanks to obUm 
n complete working knowledge- of (ruck opt-r.ilion problems will ilnd this hook a rclcr- 
' ,. k „|- irroat value Tin (ruck salesman or automobile dealer will llml lh.it 
Hits work eontnins infornialion that means money In them. All K.'iraKo and service 
; . should have a ropy of this hook for reference because truck cons! ruction 

(hirers from passenger ear design ill main important respects. Anyone who reads 
this hook is in touch with all tlm practical feature that have been tested out ni i real 
service, Cloth tl'.x'>) <M>2 panes, J.K) illustrations I “nee $4.00 

GASOLINE AND KEROSENE CARBURETORS, CONSTRUCTION, IN- 
STALLATION AND ADJUSTMENT. Hy Vktoii W. Rahk. 

'Plus is 'l simnlc coinprehcnsi ve, and authoritative treatise for practical men cx- 
il ilning a lV basic principle's pertaining to carlnircllon, showing how liquid fuels aio 
vanorized anel turned mtei gas fe»r operating all types of internal e-ombusl lion engines in- 
1iMiele*d to operate on vapors e»f gasoline*, kerosenes, benzol. and alcohol All leading tv pcs 
bi n t ori aVe es eiibeel m detail, spe*e*iul attention being gi ven to the forms devised 
to n 1 eheape ' tuels such as kerosene C'aibun-lnm 1 roubles, fue l system troubles, 
rlrlmretoi* ’eimirs and installation electric primers and economizers, hot spot maiii- 
feikls and all modern carbure tor developments are 4 considered in a thoiough mannir 
Mc'i heels of adjusting all tv pcs of e'arburetors are fully elisrusse 4 <| as well as sugges- 
in ns for see-'iiri g inaxmuun fue*l economy and obtaining highest engine power. 

This ^siaHeo repairmen, students, and motorists as it includes the 
mos'i co in i ) /et e * *o x i >0s 1 1 ion em kerosene carburetors ever published . The drawings 
slmwhiK c rhurcti r construction arc made from accurate cngineermi! designs and 
s w all parts of Utu types ol carburetors. 213 pages. 80 Illustrations. . $2.00 
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AUTOMOBILE, AVIATION AND MOTORCYCLE CHARTS 


AVIATION CHART— LOCATION OF AIRPLANE POWER PLANT TROUBLES 
MADE EASY. By Majoh Victou W. PauG, A 8 , S.C.IJ.H R. 

A large chart outlining all parts of a typiral airplane power plant, showing the points 
where trouhin is apt to occur and suggesting remedies for the common defects. In- 
tended especially for aviators and aviation mechanics on school and Hold duty. 
This chart was published during the year 1917. Price 30 cents 

AUTOMOBILE CHARTS 

GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHOWING 
SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by Victor W. 
Pauj'j, JV1.E. 

It shows clearly all parts of a typical six-cylinder gasoline engine of the four-cycle 
type. It outlines distinctly all parts liable to give trouble and also details the de- 
rangoments apt to interfere with smooth engine operation. 

Valuable) to students, motorists, mechanics, repairmen, garagemen, automobile salcs- 
men, chauffeurs, motorboat owners, motor-truck and tractor drivers, aviators, motor- 
cyclists, and all others who have to do with gasoline power plants. 

It simplifies location of all engine troubles, and while it will prove invaluable to the 
novice, it can be used to advantage by the more expert. It should be on the walls of 
every public and private garage, automobile repair shop, clubhouse or school. It can 
be carried in the automobile or pocket with ease, and will insure against loss of time 
when engine trouble manifests itself. 

This sectional view of engine is a complete review of all motor troubles. It is prepared 
by a practical motorist for all who motor. More information for the money than ever 
before o tiered. Mo details omitted. Size L'. r >\3.s inches. Price ... 35 cents 

LOCATION OF CARBURETION TROUBLES MADE EASY. Compiled by 

Victor W. Uahk, M.K. 

This chart shows all parts of a typiral pressure feed fuel supply system and gives 
causes of trouble, how to locate defects and means of remedying them, Size lUx.'IS 
laches. Price 35 cents 

LOCATION OF FORD ENGINE TROUBLES MADE EASY. Compiled by 
Victor W. 1‘ace, M.K. 

This shows clear sectional views depicting all portions of the Ford power plant and 
auxiliary groups lb outlines clearly all parts of llic engine, fuel supply system, igni- 
tion group ami cooling system, that are apt to give trouble, detailing all derangements 
that an' liable to make an engine lose power, start hard or work irregularly Tills 
chart is valuable to students, owners, and drivers as it. simplifies location of all engine 
faults Of gnat advantage as an instructor for the novice, it can be used equally well 
by the more export as a work of reference and review it can be earned in the tool 
box or pocket with ease and will save its cost in labor eliminal.nl the first, time engine 
trouble manifests ibsdf Prepared with special reference to the average man’s needs 
and is a practical review of ad motor troubles because if. is based on Ihe actual ex- 

i ierienee of an automobile engineer-mechanic with the mechanism the chart describes, 
t enables the non-tech ideal owner or operator of a Ford ear to locate engine de- 
rangements by systematic search, guided by easily recognized symptoms instead of by 
guesswork. It makes the average owner independent of the roadside repair shop 
when touring. Must be seen to be appreciated. Size 25x.iS inches. Printed on 
heavy bond paper. Price 35 cents 

LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by Victou W. 
Back, M.E. 

This chart, presents the plan view of a typical six-cylinder chassis of standard design 
and all parts are clearly Indicated that, demand oil, also the frequency with which they 
must- be lubricated and the kind of oil to use A practical chart for all interested In 
motor-car maintenance. Size 24\3S inches. Trico 36 cents 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY. Commit*! 
by Victor W. Pace, M.E. 

In this diagram all parts of a typical double ignition system using battery and magneto 
current are shown, and suggestions are given for readily finding ignition troubles and 
eliminating them when found. Size 2 l\38 inches. Price 35 cents 

LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS. Compiled 
by Victor W. Pau£, M.E. 

The most, complete chart yet devised, showing all parts of the modern automobile 
starting, lighting and ignition systems, giving instructions for systematic location of 
all faults in wiring, lamps, motor or generator, switches and all other units Invalu- 
able to motorists, chauffeurs and repairmen Size 24x38 inches. Price . 35 cents 

MOTORCYCLE TROUBLES MADE EASY. Compiled by Vicrou W. V\uk 9 
M.E 

A chart showing srctional view of a single-cylinder gasoline engine. This chart 
simplifies location of all power-plant troubles A single-cylinder motor is shown for 
simplicity It outlines distinctly all parts liable to give 'trouble and also details the 
derangements apt to interfere with smooth engine operation This chart will prove 
of value to all who have to do with the operation, repair or sale of motorcycles No 
details omitted. Size 30x20 inches. Price . 35 cent! 


AVIATION 


TWO NEW AVIATION BOOKS 

Just off the press . Give complete information on every phase of 
aeronautics . Learn to Fly by flying, but prepare yourself in the 
ground work by Home Study, for experience in the air# Valuable 
books for reference . They will start you right . 

MODERN AIRCRAFT, DESIGN-CO^STRUCTION-OPERATION AND RE- 
PAIR. By Major Vktou Paul. 

A book for all students of Aircraft Just off the press. This book of 855 pages is the 
most complete work ever issued on Aviation It is written in simple language for 
the Practical Man If shows just how anv airplane tiles and is controlled, oil' lines 
and describes all important pails of the plane and just what they do and how they aro 
used ('overs the commercial possibilities of aircraft types, outlines their spheres 
of usefulness and considers the cost of Hying The equipment, of airports, airways 
and lauding fields js touched upon and a complete and easily understood explanation 
of all branches ot ucroihuamn s as well as a complete glossary of terms used in aero- 
nautics are included This booklet includes a description or the Ryan NYP mono- 
plane down from New York to Paris by Colonel Charles Lindbergh and the Wriglif- 
facllanca monoplane fiown by Clarence Chamberlain from New York to Berlin. It 
also describes fully the Knkkcr tri-motored monoplane used bv Commander Byrd 
In his Polar and trans-oceanie (lights The Wright air-cooled motor and the navi- 
gating instruments that made these Epochal Flights possible are fully described. 
Adopted as an Instruction Book in fifty aviation schools and colleges. 855 pages. 
Over 400 engravings Price . .... $5.00 

WI1AT IS SAID OF THIS BOOK 

“Your new book, *A Foderrt Aircraft' is a wonder Very complete and up-to-the-minute. 
Highly interesting and a valuable contribution to the field of aviation I feel that 
the author and publisher bot h have done fully 100 per cent justice to this splendid 
book which really should be in the hands of every person Interested In the progress of 
Modern Aircraft. 1 ’ (Signed) Full) W 1>ohk, 

1051 Lawrence Avc., Chicago, 111. 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


EVERYBODY’S AVIATION GUIDE. By Victor W. Pack. 

A Popular Hook . . Price. This book, written in the form of a scries of 

lessons or instructions, starts the reader at the beginning of the subject, outlines the 
elementary aerodynamical rules for the various forms of flying machines, describes 
typical conventional and unconventional forms of heavier-than-air and lighter-than-air 
craft, the functions of the various parts of an airplane, and covers briefly the various 
types of airplane power plants in both air and water-cooled for it outlines fully 
all types of land and sea living machines, their control systems and the methods of 
flying. These are all fully illustrated. 

While piloting an airplane can bo learned only by actual practice, this book will give 
the reader the various steps in airplane control and will serve as a very valuable intro- 
duction to the entire subject of flying for the non -technical person who wishes to be 
able to fly an airplane just as he now operates an automobile for business or pleasure. 
247 pages, 140 illustrations, 000 questions and answers on aviation. Price. $2,00 


AVIATION BOOKS AT SPECIAL PRICES 


As very large editions of books below were printed when published, 
and in orqfer to reduce our stock we are offering these books at reduced 
prices . 

Although these books were published a few years ago, they contain 
much information of value at the present time, and in order that those 
interested in aviation may avail themselves of these volumes we are 
now offering them at reduced prices to clear out the editions. 

The principles of operation described in these books apply just as well 
to the latest types of airplanes and airships and their engines which 
have changed only in minor details from the forms illustrated, and 
they are just as valuable to the reader today . The beginner or student 
will get much information at low cost from the following books. 

A B C OF AVIATION. By Major VifTOR W. Pauk. 

This book describes the basic principles of aviation, tells how a balloon or dlrigiblo 
is made and why it floats in the air Describes how an airplane Hies it. shows in 
detail the different parts of an airplane, what they are and what they do Describes 
all types of airplanes and how they differ in construction, as well as detailing the 
advantages and disadvantages of different types of aircraft It includes a complete 
dictionary of aviation terms and clear drawings of leading airplanes The reader 
will ilnd simple instructions for unpacking, setting up. and rigging airplanes A 
full description of airplane control principles is given and methods of flying are dis- 
cussed at length. f 

This hook answers every question one can ask about modern aircraft, their con* 
Btruction and operation. A self-educator on aviation without an equal 271 pages 
131) specially* made illustrations with 7 plates. Price $ 1.26 

AVIATION ENGINES— DESIGN; CONSTRUCTION; REPAIR. By Major 
Victor W. PaoG, A S , S C IJ.S R. 

This treatise, written by a recognized authority on all of the practical aspects of 
Internal combustion engine construction, maintenance, and repair. Mils the need as 
no other book does The matter is logically arranged, all descriptive matter if 
simply expressed and copiously illustrated, so that anyone can understand airplane 
engine operation and repair even if without previous mechanical training This 
work is invaluable for anyone desiring to become an aviator or aviation mechanic 
Rotary types, such as the Ciiiome Monosoupape, and he Rhone, are fully explained, as 
well as the Vee and radial types. The subjects of carburetion. ignition, cooling, and 
lubrication also are covered in a thorough manner The chapters on repair and 
maintenance are distinctive and found in no other hook on this subject Not a 
technical hook, but a practical, easily understood work of reference for all interested 
in aeronautical science. 589 pages. 253 illustrations. ITice.net . . $ 1.26 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


APPLIED AERODYNAMICS. By (!. P. Thomson. 

This is a sclenlillc and mathematical treatise that lias a special appeal to the student 
and engineer who are seeking exact information on the aerodynamics of heavicr-than- 
air crart and data on airplane design testing In addition to a very full discussion 
of the qualities which determine the speed and rate of climb of aii aeroplane and 
the method by which they can be calculated, special attention is paid to stability 
—a problem now fairly well understood, and to controllability— our knowledge of 
which is at present in a much more element, ary state. Attention is directed to the 
numerous directions in which further information is required, esperially in the form of 
full-scale experiments. 312 pages (7 x 10). Illustrated witli over J42 Diagrams 
and Graphic Charts. Price $5.00 

GLOSSARY OF AVIATION TERMS — ENGLISH-FRENCH ; FRENCH- 
ENGLISH. By Major Victor W. Page, A S, S C.U.S.R., and Lieut. 
Paul Montariol, of the French Flying Corps. 

A complete glossary of practically all terms used in aviation, having hsts in both 
French and English with equivalents in either language. Price, , , 50 cents 


BOAT BUILDING 


MINIATURE BOAT BUILDING. By Albert 0. Leitth. 

Covering the construction of working models of racing sail and power boats by ama- 
teurs A concise and complete treatise written In understandable language covering 
marine model making in general and the specific design and construction of numerous 
famous miniature racing sail and power boats The boats illustrated and described 
have been developed from an engineering |minl of view rather than from a toy angle 
In this book the authors have illustrated and described step by step, the best model 
making practice, from the selection of the raw material to the completed boats Com- 
plete designs lor steam power plants, including tubular boilers and blow torch for 
firing them One, two and Tour cylinder engines are also fully described. 500 spe- 
cially prepared engravings. 242 pages. Price $3.00 


BRAZING AND*SOLDERING 


BRAZING AND SOLDERING. By James F. IIobaht. 

The only book that shows you just how to handle any job of brazing or soldering that 
comes along. It tells you what- mixture to use, how to make a furnace if you need one. 
Full of valuable kinks. The fifth edition of this book has just been published, and to 
it much new matter and a large number of tested formula* for all kinds of solders and 
fluxes have been added, illustrated.^. 35 cents 

SOLDERING AND BRAZING. By Raymond Francis Yates. 

This treatise gives all the necessary “kinks” that will enable one to accomplish suc- 
cessful soldering If a mechanic has not succeeded m Ins soldering, this book may 
tell him just what lie needs to produce good work— something that lie may hereto- 
fore have forgotten. Price 76 cents 


CHARTS 


BOILER ROOM CHART. By Geo. I,. Fowler. 

A chart— size 14x28 inches— showing in isometric perspective the mechanisms be- 
longing In a modern boiler room. The various parts are shown broken or removed, 
so that the Internal construction is fullv illustrated Each part is given a reference 
number, and those, with the corresponding name, are given in a glossary printed at 

the sides 36 cents 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


GONDOLA CAR CHART. 

A chart showing tho anatomy of a gondola car, having every part of the car numbered 
and Its proper reference name given In a reference list 36 cents 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenger-car, having overy part of tho car numbered 
and Its proper name given in a reference list 36 cents 

STEEL HOPPER BOTTOM COAL CAR.’ 

A chart showing the anatomy of a steel Hopper Bottom Coal Car, having every part 
of the car numbered and its proper name given In a reference list .... 36 cents 

TRACTIVE POWER CHART. 

A chart whereby you can find the tractive power or drawbar pull of any locomotive 
without making a figure. Shows what cylinders are equal, how driving wheels and 
steam pressure afreet the power What sized engine you need to exert a given drawbar 
pull or anything you desire m this line 60 cents 

HORSE-POWER CHART 

Shows the horse-power of any stationary engine without calculation No matter what 
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or 
whether condensing or non-condensing, it’s ail there Easy to use, accurate, and 
saves time and calculations. Especially useful to engineers and designers 60 cents 

SUBMARINE CHART. 

A cross-sec Mon view, showing clearly anil distinctlv all the interior of a Submarine of 
the latest, type You get more information from this chart, about the construction and 
operation of a Submarine, than in any other way No detail* omitted- everything 
is accurate and to scale All Mir machinery and deuces lilted m a Submarine Boat 
arc shown 36 cents 


CHEMISTRY 


UOW TO MAKE AND iAe A SMALL CHEMICAL LABORATORY. By 

Raymond Francis Yates. < 

Tilt' treatise covers all of the essentials of elementary chemistry The law of definite 
proportions, .solutions, crystalloids, colloids. electrolysis, etc , arc explained The 
second part, of Ma* book is devoted to chemical and clectro-chemical experiments. 
Only those experiments Mi.it will tend to broaden the reader s knowledge of chemistry 
in general have been chosen Trice, .76 cents 


CLOCK ANI) WATCHMAKING 


CLOCKMAKING: PAST AND PRESENT. By G. F. C ( Jordon. 

WiMi which is incorporated flic more important portion of "('locks. Watches, and 
Bells," by the laic Lord (i ninth or pc, relating to Turret, ('locks and (iravity Escape- 
ments liy (i. F. C (Jordon, M \ , A M I C Jfi . Kiipciintcndcnt of Workshops of 
the Engineering Department of Cambridge I’mversiiy A practical book of special 
interest to the Clockmakcr, Hepatrci, Dealer and Collector, in which the author 
endeavors to cox or topics which either have not been covered before, m which from 
his own experience require more attention than they have hitherto received 240 
pages Fully illustrated by Diagrams and plates of Long Case, Bracket and other 
(Mocks, Dials, Hands, etc Trice . $6.00 

CLOCK REPAIRING AND MAKING. By F. J. Garrard. 

Practical Watchmaker Author of “Watch Repairing, (Meaning and Adjusting ” 
A practical handbook dealing with 'Tools, Materials, and Methods used in cleaning 
and repairing all kinds of English and Foreign 'Timepieces, Striking and CMilinnoy 
Clocks, and the making of English Clocks, lbs pages. Fourth edition Illustrated 
by 120 engravings. Brice .... ... ... $3.00 


IO. 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICAL HOROLOGY. By 11. R. Landman and A. Bai.i., 

ISO profusely illusi rated A pract ieal manual on tin* application of the principles 
and practices of electricity to horological instruments and machines for the moasurn- 
ment. and transmission of time with an account of the earliest electrically -driven 
clock mechanism ISO panes Illustrated Price * $3.00 

THE WATCHMAKER’S HANDBOOK. B> CbAuimis Kaunikk. 

Translated from the French h.v ("ladlus Satmier, and enlarged by .hilien Tnpplin. 
F BAS. and Kdward liigg, M \ X workshop companion for those engaged in 
watchmaking and the allied meehame.il art 1 ' As an encyclopedia for the practical 
watchmaker ami ivpairci this work stands paramount The chapter on practical 
receipts alone is a mine of information Over . r »0() pages New and reused edition 
II folding plates Pi ice $6.00 

WATCH REPAIRING AND MAKING. By V. .). (Sakk\ki>. 

Practical Watchmaker Author of “Watch Repairing, ("leaning and Adjusting” 
(’overs the ("leaning and Repairing of Watches Treats on the materials and tools 
used Shows how to alter and adjust .ill kinds of English and Foreign Watches. 
Repeaters ("hronographs and Marine ("hrouometers 214 pages. Seventh edition 
Illustrated by over 200 engravings Price $3 00 


CONCRETE 


CONCRETE WORKERS’ REFERENCE BOOKS. A SERIES OF POPULAR 
HANDBOOKS FOR CONCRETE USERS. I’rejiarwl l>v A. A. Houghton. 

The author, tn preparmq this Sene s tun s not only treated on the usual types of construction , 
but n plains and illustrates molds and sustnns that are not patented . but u huh arc equal 
w value and often superior to those restricted by patents These molds are very easily and 
(hraplu (tmslriided and embody simplicity, rapidity of operation, and the most successful 
results m the molded rnmrele Each of these bonks is fully illustrated, and the subjects 
art ejhaustively treated in plain Enylish. 

CONCRETE WALL FORMS. By A. A. IJoitghton. 

A new automatic wall clamp is illustrat'd with working drawings. Other types of 
wall forms, clamps, separators, etc , are also illustrated and explained. 

(No I of Senes) 76 cents 

CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

The molds for molding mi wares hexagonal and many other styles of mosaic floor and 
sidewalk blocks arc fully illustrated and explained. (No 2 of Series) . . 75 cents 

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghton. 

("ompletc working drawings and speci Meal ions are given for several styles of concrete 
silos with illustrations of molds for monolithic and blot k silos. The tables, data, and 
informal ion piesented m this book are of the utmost value in planning and constructing 
all forms of concrete silos (No .{ of Series) 76 cents 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A. 

Houghton. 

The manufacture of all t\ pcs of concrete slate and roof tile Is fullv treated Valuable 
data on ail forms of reinforced concrete roofs are contained within its pages. The 
construction of concrete chimneys In block and monolithic systems is fully illustrated 
and described, A number of ornamental designs of chimney construction with molds 
are shown in this valuable treatise (No. 4 of Series.) 75 cents 

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Houghton. 

The proper proportions of cciiirut awl a^fovfiatos for various finishoR, also tlic toet hod 
of thoroughly mixing and placing in the molds, are fully treated An exhaustive 
treatise on this subject that every concrete worker will find of dally use and value 
(No. 5 of Series ™ ce,lti 


»II 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By 

A. A. Houghton. 

The molding of concrete monuments to Imitate the most expensive cut stone is ex- 
plained in this treatise, with working drawings of easily built molds. Cutting in- 
scriptions and designs are also fully treated. (No. 6 of Series.) ... 76 cents 

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS. 

By A. A. Houghton. 

Simple molds and instruction are given for molding many styles of concrete bathtubs, 
swimming-pools, etc. These molds are easily built and permit rapid and successful 
work. (No. 7 of Series.) 76 cents 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Houghton. 

A number of ornamental concrete bridges with illustrations of molds are given. A 
collapsible center or con* for bridges, culverts and sewers is fully illustrated with de- 
tailed instructions for building. (No. H of Scries.) 76 cents 

CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 

A number of designs with working drawings of molds are fully explained so anyone 
can easily construct, different styles of ornamental concrete porches without the pur- 
chase of expensive molds. (No. of Series.) 76 cents 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A. 

A. Houghton. 

Thu molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, sun 
dials and other forms of ornamental concrete for the ornamentation of lawns and gar- 
dens, is fully illustrated and described. (No. 11 of Series) 76 cents 

CONCRETE FOR THE FARM AND IN THE SHOP. By H. Colin 
Camphell, C.K., E.M. 

A new book illustrating and describing in plain, simple language many of the 
numerous applications of concroto within the range of the home worker. Among the 
subjects treated are. 

Principles of reinforcing; methods of protecting concrete so as to insure proper harden- 
ing; home-made mixers, mixing by hand and maciiine, form construction, described 
and illustrated by drawings and photographs, construction of concrete walls and 
fences; concrete fence posts, concrete gate* posts, corner posts, clothes line posts; 
grape arbor posts, tanks, troughs; eisteras, hog wallows, feeding floors and barn- 
yard pavements, foundations, well curbs and platforms, indoor floors, sidewalks, steps, 
concrete hotbeds and cold frames, concrete slab roofs; walls for buildings, repairing 
leaks in tanks and cisterns, etc.. etc. A number of convenient and practical tables 
for estimating Quantities, and some practical examples, are also given. (6 x 7). 
U9 pages, 51 illustrations. Price $1.00 

CONCRETE FROM SAND MOLDS. By 'A. A. Houghton. 

A Practical Work treating on a process which has heretofore been held as a trade secret 
by the few who possessed it, and which will successfully mold every and any class of 
ornamental concrete work. The process of molding concrete with sand molds is of 
the utmost practical value, possessing the manifold advantages of a low cost of molds, 
the ease and rapidity of operation, perfect details to all ornamental designs, density 
and increased strength of the concrete, perfect curing of the work without attention 
and the easy removal of the molds regardless of any undercutting the design may have 
192 pages. Fully illustrated. Price $8.00 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been held as a 
secret, and now. for the first time, this process is given to the public. The book 
reveals the secret and is the only book published which explains a simple, practical 
method whereby tho concrete worker is enabled, by employing wood and motal tem- 
plates of different designs, to mold or model in concrete any Cornice, Archivolt, 
Column, Pedestal. Base Cap. Urn or Pier In a monolithic form — right upon the Job. 
These may be molded in units or blocks, and then built up to suit the specifications , 
demanded. This work is fully illustrated, with detailed engravings. Price . $8.00 
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POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By 

Myron II. Leu is. 

The author has brought together in this work all thr salient matter of interest to 
the user of concrete and its many diversified products. The matter is presented in 
logical and systematic order, clearly written, fully illustrated and froo from involved 
mathematics Everything of value to the concrete user is given, including kinds of 
cement employed in construction, concrete architecture, inspection and testing, water- 
proofing, coloring and painting, rules, tables, working and cost data. The book com- 
prises thirty-three chapters, 4H() pages, 120 illustrations Price .... $3.00 

DICTIONARIES 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conor Skoane. 

An indispensable work to all interested in electrical science Suitable alike for the 
student and professional A practical handbook of reference containing definitions of 
about 5000 distinct words, terms and phrases The definitions are terse and concise 
and include every term used in eleetrieal science Recently Issued. An entirely new 
edition Should be in the possession of all who desire to keep abreast with the progress 
of this branch ol science Complete, concise and convenient. 790 pages. 497 illus- 
trations. New Revised and Enlarged Edition Price $6.00 

i 

DIESEL ENGINE 


DIESEL ENGINES: THEIR APPLICATION AND OPERATON— MARINE 
—LOCOMOTIVE -STATIONARY. By David 1,. Junks. 

This is the latest hook on flic subjei t of Diesel Engines written purely from a practical 
stand point, in simple 1 language, to enable the operator and the student to grasp the 
principles of tins type of machine and to bring out the advantages of this form of prime 
mover in its various llelds of operation 

It should lie found upon the desk of evorv power station operating engineer and every 
student of mechanical engineering, as it contains data that is invaluable, and is the 
only American hook containing an illustrated chapter on the application of the Diesel 
Engine to Railway Service The importance of the Diesel Engine cannot be over- 
estimated and the piogressive engineer will find if ins duly to extend his knowledge into 
the Diesel Engine field Among the chapters are: The Diesel Engine — Elementary 
Thermodynamics — Elementary Principles — Comparative Efficiencies - Details of C -ou- 
st met ion --Spray Valves— Fuel Pumps, Governors, Fuel Systems Valve Clears — 
Starting and Reversing Dears --Lubricating and Circulating Water Systems — Indica- 
tor ( Yirds and Engine Testing - < IperaUon of Diesel Engines - Representative Types of 
Engines Representative Types of Engines continued - - A 1000 Horse Power Sub- 
marine Diesel Engine Diesel Engines for Railroad Service— Diesel Electric Drive for 
Ships Properties of Lubricating and Fuel Oils— Marine Rules for Vessels Propelled 
by Diesel oil Engines. r>(>f> pages* 341 illustrations. Price $6.00 

DIES— METAL WORK 

DDES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING 
OF SHEET METALS. By J. V. Woodworth. 

A most useful hook, and unn which should bo In the hands of all cnsaned In tho press- 
worklnR of metals, treating on the Desistninis, (’onstructlnK, and Use of Tools Fixtures 
and Devices, together with the manner in which they should be used in the lower 
Press, for the cheap and rapid production of the great variety of sheet-metal articles 
now in use. It Is designed as a guide to the production of sheet-metal parts at the 
minimum of cost with the maximum of output The hardening and tempering of 
Press tools anti the classes of work which may be produced to the best advantage by 
the use of dies in the power press are fully treated Its 540 illustrations show ales, 
press fixtures and sheet-metal working devices, the descriptions of which are so clear and 
practical that, all metal-working mt'chanirs will be able to understand how to design, 
construct arid use them. 7th Edition. 420 pages, 646 illustrations. Price $4.00 
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DRY CLEANING 


PRACTICAL DRY CLEANER, SCOURER AND GARMENT DYER. By 

William T. Bkannt. 

The six th corrected edition of this work us just, off the press It. is the most, compre- 
hensive and complete reference and text Ixxik lor cleaners and dyers published and 
treats fully oil (loaning plant design and construction, purification of benzine dry 
cleaning, spot and slam icmowil, wet cleaning, including the cleaning of Palm Peach 
suits and other summer fabrics, finishing cleaned fabrics, cleaning and dyeing furs, 
skins, rugs and mats, cleaning and dyeing Teal hers, cleaning, dyeing and blocking 
straw, felt and Panama hats cleaning and dyeing rugs and carpets, bleaching and 
stripping garments, bleaching and dyeing straw and straw hats, cleaning and dyeing 
glows, garment dyeing, analysis of textile fabrics, practical chemistry Jor the dry 
cleaner and garment dyer. 578 pages, 41 illustrations. Price .... $3.00 


DRAWING— SKETCHING PAPER 


LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraus 

This work giwxs the theory and practice of linear perspective, as list'd in architectural, 
engineering and mechanical drawings. Persons taking up the study of the subject 
by themselves will be able, by the use of the instruction given, to readily grasp the 
subject, and by reasonable practice become good perspective draftsmen The arrange- 
ment of the book is good the plate is on the' left-hand, while the descriptive text 
follows on the opposite page, so as to be readily referred in The drawings are on 
sullieiently large scale to show the work clearly and are plainly figured There is 
Included a self-explanatory chart w hich gives all information necessary lor the thorough 
understanding ot perspectiv e This chart alone is worth many tutu's over the price of 
the book. 2d lie vised and enlarged Kditiou $3.00 

PRACTICAL PERSPECTIVE. By Richards and Coi.vin. 

Shows just how' to make all kinds of mechanical drawings in the only practical per- 
spective isometric Makes everything plain so that any mechanic can understand 
a sketch or drawing in this way. Saves time in the drawing room and mistakes in the 
shops Contains practical examples of various classes of work .Mh Edition $1.00 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE 
DESIGN. By ¥. L. Sylvester, M 10, Draftsman, with additions by Eiuk 
OiiF.HG, associate editor of “ Machinery.' ,f 

This is a practical treatise on Mechanical Drawing and Machine Design, comprising 
the first principles of geometric ami mechanical drawing, workshop mathematics, 
mechanics, strength of materials and the calculations and design of machine details. 
The author's aim has been to adapt this treatise to the requirements of the practical 
mechanic and voting draftsman and to present. the matter m as clear and concise a 
manner as possible To meet the demands of tins class of students, practically ail the 
Important elements of machine design have been dealt with, and in addition algebraic 
formulas have been explained, and the elements of trigonometry treated in the manner 
best suited to the needs of the practical man The hook is divided into 2 2 chapters, 
and in arranging the material, mechanical drawing, pure and simple', lias been taken 
up first, as a t horough understanding of the principles of representing objects facilitates 
the further study of mechanical subjects This is followed by" the mathematics neces- 
sary for the solution of the problems in machine design winch are presented later, and 
a practical introduction to theoretical mechanics and the strength of materials The 
various elements entering into machine design, such as cams, gears, sprocket-wheels, 
cone pulleys, bolts, screws, couplings, dutches, shafting and fly-wheels have been 
treated m such a way as to make possible the use of the work as a text-book for a 
continuous course "of study. 345 pages, 237 engravings Price . . , . $2.50 

A NEW SKETCHING PAPER. 

A new specially ruled paper to enable you to make sketches or drawings in Isometric 
perspective without any figuring or fussing Jt is being used for shop details as w r ell 
as for assembly drawings, as it. makes one sketch do the work of t hree, and no workman 
can help seeing just what is wanted Pads of 40 sheets, b\9 inches, 40 cents. Pads 
of 40 sheets, 9x12 inches, 76 cents, 40 sheets, 12x18, Price $1.60 




CATALOGUE OF GOOD, PRACTICAL BOOKS 

ELECTRICITY 


ARITHMETIC OF ELECTRICITY. By Prof. T. O'Conor Sloane. 

A practical treatise on electrical calculations of all kinds reduced to a series of rules, all 
of the simplest forms, and involving onl.v ordinary arithmetic each rule Illustrated 
by one or more practical problems, willi detailed solution of each one 'Phis book is 
classed among the most useful works published on the science of electricity, covering 
as if does the mat hematics of electricity in a manner that will attract the attention 
of tiiose who are not familiar with algebraical formulas. 22nd Edition. lhO pages. 
Price $1.60 


COMMUTATOR CONSTRUCTION. By Wm. Baxter, Jh. 

The business end of anv dv iiamo or mol or of the direct current type is I he commutator. 
'This booh goes into the designing, building, and maintenance of commutators, shows 
how to locate troubles and liow to remedy them, everyone who fusses with tlvnamos 
needs this. 5th Edition 35 cents 

DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A 
FIFTY- WATT DYNAMO. By Annum J. Weed, Member of JSL Electrical 
Society. 

A practical treatise showing in detail the construction of a small dynamo or motor, the 
entire machine work of which can be done on a small foot lathe Dimensioned working 
drawings are given for each piece of machine work, and each operation is clearly 
described 'Plus machine, when used as a d.\ iiamo. lias an output of lift % watts when 
used as a motor it will drive a small drill press or lathe It can be used to drive a 
sewing machine on yn.v and all ordinary work The book is illustrated with mom 
than sixt> original engravings showing the actual construction of the different parts 
Among the contents are chapters on 1. Fift>-AVatt Dynamo 2 Side Bearing 
Hods l\ Field Punching l Bearings 5 Commutator h Pulley 7 Brush 
Holders S Connection Hoard 0 Armature Shaft. 1(1 Armature It Armature 
Winding 12 Field Winding LI Connecting and Starting. Price, cloth, $1.00 


ELECTRIC BELLS. By M. B. Sleeper. 

A eumplctn tnuUsc for tlio pr.irtir.il 'worker in metalline. ojHT.iting, and losling 
bell circuits burglar alarms, thermostats, and other apparatus used with electric 
bells Both the electrician and the experimenter will find in fins book new material 
which in essential in then work Tools, bells batteries, unusual circuits, burglar 
alarms annunciators, systems. I hermost.its, circuit breakers, time alarms, and oilier 
apparatus used in Ml* circuits are described 1mm the standpoints of their applied 
ti 01 , construction and repair The detailed instructions for building the apparatus 
will’ appeal to the experimenter particularly Thu practical worker will tlnd the 
chapters on Wiring Calculation of Wire Sizes and Magnet Wbndmgs. Upkeep of 
Systems and the Location of Faul’v of the greatest value in their work. 121 pages. 
Fully illustrated. Price 76 cents 


HOUSE WIRING. By Thomas W. Poppk. 


work describes and illustrates the actual installation of Electric Light, 'Wiring, 
nanner in which the work should he done, and the method of doing it The book 


This 

can be* com omenti v rarnrdin liu' jHickrt It is intended for the Electrician. Helps, 
and Apprentice it solves all Wiring Problem* and contains nothing that conflicts 
with I he rulings of the National Boaid of Fire Underwriters It gives just the informa- 
tion essential to the Successful Wiring of a Building. Among (lie subjects treated are 
LoeatiicM he Meter. Panel Boards Switches Plug lieceptaclcs Brackets ( eihiig 
Fktums The Meter Connections The Feed Wires The Steel Armored Cable 
System The Flexible Steel Conduit. System The Bidig Conduit System A digest 
of the National Board of Fire Underwriters’ rules relating to metallic wiring systems. 
Various switching arrangements explained and diagrammed. ’1 he easiest method or 
testing the Three- and Four-way circuits explained. The grounding of all metallic 
wiring systems and the reason for doing so shown and explained, I he insulation of 
the mc*tal parts of lamp fixtures and tlir reason for the same described and illustrated. 
208 pages. 5th Edition, revised and enlarged. 100 illustrations. Finable doth 

. . 


Flexible cloth 

. . $ 1.00 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICIANS' HANDY BOOK. By I'rof. T. O’Conok Sloan k. 

Tills work is intended for the practical oloctriciaii who has to make things go. The 
entire Held of electricity is covered within its pages. Among some of the subjects treated 
are The Theory of the* Electric Current, and Circuit, Electro-Chemistry, Primary 
Batteries. Storage Batteries, Generation and Utilization of Electric Powers, Alter- 
nating Current, Ai mature Winding, Dynamos arid Motors, Motor Generators, 
Operation of the Central Station Switchboards, Safety Appliances, Distribution 
of Electric Light and Power, Street Mains, Transformers. Arr and Incandescent 
Lighting, Electric Measurements, Photometry, Electric Railways, Telephony. Bell- 
Wiring, Electric-Plating, Electric Heating, Wireless Telegraphy, etc. It contains no 
useless theory, everything Is to the point. It teaches you just what you want to 
know about eloctrlcity. H is the standard work published on the subject. Forty- 
six chapters, (>()() engravings. * New 5th Edition, Revised and Enlarged Price $4.00 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR 
CONSTRUCTION. By Prof. T. O’CoNoit Sloane. 

This work treats of the making at home of electrical toys, electrical apparatus, motors, 
dynamos ami instruments in general, and is designed to bring within the reach of 
young and old the manufacture of genuine and useful electrical appliances. The worlf 
is especially designed for amateurs and young folks 

Thousands of our young people are daily experimenting, and busily engaged In making 
electrical toys and apparatus of various kinds. The present work is just what is want- 
ed to give the much needed information in a plain, practical manner, with illustrations 
to make easy the carrying out of the work. 21st Edit ion 254 pages, I is illustrations. 
Price J ... $1.50 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Newton 
Hakjuson. 

A thoroughly pract ical treatise covering the subject of Electric Wiring In all its branches, 
including explanations and diagrams which are thoroughly explicit and greatly simplify 
the subject Practical, every-day problems in wiring are presented and the method 
of obtaining intelligent results clearly shown. Only arithmetic is ust*d Ohm’s law 
is given a simple explanation with reference to wiring for direct and alternating 
currents. The fundamental principle of drop or potential in circuits is shown with its 
various applications The simple circuit is developed with the position of mains, 
feeders ami branches, their treatment as a part of a wiring plan ami their employ- 
ment in house wiring clearly illustrated. Home simple facts about testing are included 
in connection with the wiring. Molding aid conduit work arc given careful considera- 
tion, and switchboards are systematically treated, built up and illustrated, showing 
the purpose they serve, for connection with tile circuits, and to shunt and compound 
wound machines The simple principles of switchboard construction, the develop- 
ment of the switchboard, till* connections of the various Instruments, including tne 
lightning arrester, are also plainly set forth 

Alternating current wiring is treated, with explanations of the power factor, conditions 
calling for various sizes of wire, and a simple way of obtaining tne sizes for single-phase, 
two-phase and three-phase circuits. 'Phis is the only complete work issued showing 
and telling you what you should know about direct and alternating current wiring It 
is a ready reference. The work is free from advanced technicalities and mathematics, 
arithmetic being used throughout. It is in every respect a handy, well-written, 
instructive, comprehensive volume on wiring for the wireman, foreman, contractor, 
or electrician. 3rd edition, revised and enlarged. 315 pages, 137 illustrations 
Price $2.60 

EXPERIMENTAL HIGH FREQUENCY APPARATUS — HOW TO MAKE 

AND USE IT. By Thomas Stanley Curtis. 

ThiR book tells vou how to build simple high frequency coils for experimental purpose 
in the home, school laboratory, or on tile small lecture platform The book is really 
a supplement, to the same author’s “ High Frequency Apparatus ” The* experimental 
side only is covered in this volume, which is intended for those who want to build 
small coils giving up to an eighteen-inch spark. The book contains valuable in- 
formation for the physics or the manual training teacher who is on the lookout for 
interesting projects ror his hoys to build or experiment, with. The apparatus is 
simple, cheap and perfectly safe, and with it some truly startling experiments may be 
performed. Among the contents are: Induction Coil Outfits Operated on Battery 
Current. Kicking (-oil Apparatus. One-Half Kilowatt Transformer Outfit. Parts 
and Materials, etc , etc. 69 pages. Illustrated. Price 60 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICITY SIMPLIFIED. By Prof. T. O’Conor Si.oane. 

The object, of “ Electricity Simplified ” is to make the subject as plain as possible and 
to h1\ow what the modern conception of electricity is; to show how two plates ol 
different metal, Immersed in acid, can send a message around the globe, to explain 
how a bundle of copper wiro rotated by a steam eiiKine can be the agent in liRhthiR 
our streets, to tell what the volt, ohm and ampere are, and what hiph and low tension 
mean, and to answer the questions that perpetually arise in the mind in this ape of 
electricity. J 5th Revised Edition. 218 pages. Illustrated. Price . . $1.60 

EVERYBODY’S ELECTRICAL HANDBOOK. By Edward J. Volk, Practical 
Electrician. 

Anyone with the aid of tills hook can do almost any of the small electrical jobs about 
the home. Every l-hinp is written in plain lanpuape. It tells how to start, what to 
use, and every move until this work is completed. In repainnp electrical devices 
it tells where to locate the trouble and how to repair it. You will find this book differ- 
ent, from any other book you have ever read Should be in every home. Second 
edition. Pocket size. 135 papos. 78 Illustrations. Price $1.00 

HIGH FREQUENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL 
APPLICATION. By Thomas Stanley Curtis. 

Tho most comprehensive and thorouph work on this intorestinp subject ever produced. 
The book is essentially practical in its treatment and it constitutes an accurate record 
of tiie researches of its author over a period of several years, during which time dozens 
of coils were built and experimented with. Tho work lias been divided into six basic 
parts. The first two chapters tit'll the uninitiated reader what the hiph frequency 
current is, what it is used for, and how it is produced. The second section, comprising 
four chapters, describes in detail the principles of the transformer, condenser, spark 
gap. and oscillation transformer, and covers the main points in the design and con- 
struction of these devices as applied to the work in hand The third section covers 
the construction of small high frequency out ll L h designed for experimental work in the 
home laboratory or in the classroom Tho fourth section is devoted to < lectro- 
therapoutlc and X-Ray apparatus Tho fifth describes apparatus for the cultivation 
of plants and vepetablos. The sixth section is devoted to a comprehensive discussion 
of apparatus of larpe size for use upon the stage in spectacular productions. The 
closing chapter, giving the current prices of the parts and materials required for the 
construction of tho apparatus described, is included with a view to expediting the 
purchase of tho necessary poods. The Second Edition includes much new matter 
along the line of home-made therapeutic outfits for physicians' use The matter on 
electro plant, culture has also been elaborated upon. Second Revised and Enlarged 
Edition 200 pages. New second edition. Fully illustrated. Price . $8.00 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conor Sloane. 

An indispensable work to all interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definition* 
of about 5, (K)l) distinct words, terms and phrases. The definitions are terse and 
concise and Include every term used in electrical science. Recently issued. An en- 
tirely new edition. Should be in the possession of all who desire to keep abreast with 
the progress of this branch of science. In its arrangement and typography the book 
is very convenient. The word or term defined is printed lu black-faced type which 
readily catches tho eye, while the body of tho pape is in smaller but distinct type. The 
definitions are well worded, and so as to bo understood by the non- technical reador. 
The general plan seems to be to give an exact, concise definition, and then amplify 
and explain in a more popular way. Synonyms are also given, and references to other 
words and phrases are made. A very complete and accurate index of fifty pages is 
at the end of tho volume, and as this index contains all synonyms, and as all phrases 
are indexed in every reasonable combination of words, reference to the proper place 
in the body of the book is readily made It is difficult to decide how far a book of 
this character is to keep the dictionary form, and to what extent it may assume the 
encyclopedia form. For some purposes, concise, exactly worded definitions are needed ; 
for other purposes, more extended descriptions are required This book seeks to satisfy 
both demands, and does it with considerable success. Complete, concise and con- 
venient. 790 pages. 497 illustrations. New Revised and Enlarged Edition Price 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O'Conor 
Sloank. 

Every young man who wishes to become a successful electrician should read this book. 
It tells in simple language the surest and easiest way to Ixrome a sueee.ssful electrician 
The studies to be followed, methods of work, field of operation and the requirement, 
of tin* successful electrician are pointed out and fully explained Every young en- 
gineer will find this an excellent stepping stone to more advanced works on electricity 
which lie must, master before success can he attaint'd Many young men become dis- 
couraged at- the very outstarl by attempting to read and study books that are far 
beyond their comprehension Tills book serves as the connecting link between the 
rudiments (aught m the public schools and the real st ml \ of electricity It is inter- 
esting from cover to cover 19th Revised Edition, just issued 2t). r > pages Illus- 
trated I Mice .... $1.60 

STORAGE BATTERIES SIMPLIFIED. By Victor W Pa g£, M S.A V , 

A complete treatise on storage battery operating principles, repairs and applications. 
The greatly increasing application of storage batteries in modern engineering and 
mechanical work has created a demand for a book that will consider this subject 
completely ami exclusively This is the most, thorough and authoritative treatise 

~* — “liblished f“' the* ubjecl. It ‘ 4 v “ * sily "ide~ 1 ‘triable ' : J clinical 

language so that anyone mav grasp the basic principles of storage battery aeti 
well as l licir practical industrial applications All electric and gasoline automobiles 
use storage batteries. Every automobile repairman, dealer or salesman should have a 
good knowledge of maintenance and repau of these important elements of ihc motor 
ear mechanism This book not only tells how 1o charge, care for and rebuild storage 
batteries but also outlines all the industrial use's Learn how they run street ears, 
locomotives and factory trucks ( Set an understanding of the important functions they 
perform in submarine boats, isolated light lug plants railway switch and signal systems, 
m >i n. t in -.q)hr The ,w m>U tells he w H ”* 1 'vd i" -a I C ‘tandby 

service, for starling automobile motors and in ignition systems Every practical use 
ol the modern storage hull cry is outlined jn this treatise 2. r )K pages Fully illus- 
trated Price .... $2.00 

WIRING A HOUSE. By Herbert Pratt. 

Shows a house already built tells how to start about wiring it. where to begin, what 
wire to use, how to run it according to insurance rules, in fact, just the information 
you need Directions apply equally to a shop We have pist issued an enlarged 
edition of this popular work, which has been brought up to date The same treat- 
ment of the subject which is distinguished by simplicity, combined with a correct 
presen ta l ion ol the sulqeet, from the standpoint of compliance with the l nderwriler s 
(’ode. and which characterized the earlier editions of the book is adhered to The 
wiring as given is based on the twenty-live watt tungsten filament, lamp, now as much 
the standard as was the old sixteen candle carbon II lament lamp of former days The 
modern tungsten lilament gas-filled lamp of today has changed the whole 'phase of 
electric wiring of the home and factory, and this book not only tells of the wiring for an 
installation, but also gives some very up-to-date suggestions on the subjects of selection 
of electroliers and fittings, location of lamps and base sockets with mam practical 
lunts for the location of lamps and plug sockets to get the best results Seventh edi- 
tion which has been entirely revised, and very iftucli enlarged. Trice 60 cents 


ELECTROPLATING 


THE MODERN ELECTROPLATER. By Kknnkth M. 0og<;k, shall. 

This is one 1 of the most complete and practical books on electroplating and allied 
processes that has been published as a text for the student or professional plater. 
It is written in simple language and explains all details of electroplating in a concise 
yet complete manner It starts at the beginning and gives an elementary outline 
of electricity and chemistry as relates to plating, then considers shoo lavoul and 
equipment and gives all the necessary information to do reliable and profitable electro- 
plating in a modern commercial manner Full instructions are given for the prepara- 
tion and finishing of the work and formulae and complete directions are included for 
making all kinds of plating solutions, many of these having been trade secrets until 
published in this instruction manual Anyone interested in practical plating and 
metal finishing will find this book a valuable guide and complete manual of the art. 
Cloth, i-42 illustrations. 276 pages Price $3.00 
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ELECTRO-DEPOSITION OF METALS. By Dn. Gkohge Lajnguein and 
William T. Bhajsnt. 

The ninth corrected edition of this work contains everything anyone wants to know 
about the plating and (hushing of metals, and is practically an encyclopedia of the 
industry. It is written in plain language with special reference to the needs of tho 
practical plater and metal finisher, and gives hundreds of tested formulas for solu- 
tions, many of which have heretofore been considered trade secrets It is the master 
treatise on electro-plating, galvanizing, metal coloring, lacquering and electrotyping, 
and (‘overs every detail of the present advanced state of the art. in its everyday appli- 
cations. The hi 1 crest of most readers will doubtless center in the main cimsion or tho 
volume the practical part, which presents the industry in all its aspects from tho 
arrangement of electro- plating establishments to actual methods used m the deposition 
of various metals It is here that the plater finds a treasury of practice that he may 
turn to direct account in Ins business As a work of reference it is unapproached by 
any similar work in our language Thu formulas alone are worth many times tho 
cost of (lie book to anyone interested m plating and other metal finishing methods. 
803 pages isf. illustrations Price ... $7.60 


FUEL 


COMBUSTION OF COAL AND THE PREVENTION OF SiyiOKE. By Wm. 
M. Baku. 

This hook has been prepared with special reference to the generation of heat by tho 
combustion of tin 1 common Inch found in the United States, and deals particularly 
with the conditions necessary to the economic and smokeless combustion of bituminous 
coals m Stationary and Locomotive Steam Boilers 

The presentation of this important subject is systematic and progressive. The ar- 
rangement of the book is in a senes of practical questions to which are appended 
accurate answers, which describe m language, free from technicalities, the several 
processes involved in the furnace combustion of American fuels it clearly states the 
essential requisites for perfect, combustion, and points out the best methods lor furnace 
construction for obtaining the greatest quantity of heat from any given quality of 
coal . r »th Edition. Nearly 3. r >() pages, fully Illustrated. Pure $1.60 


GAS AND OIL ENGINES 


THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR 
AND USES. By Xkno VV. Putnam. 

This is a practical treatise on the (Jasoline and Kerosene Engine Intended for the man 
who wants to know just how to manage his engine and how to apply It to all kinds of 
farm work to the best advantage 

This book abounds with hints and helps for the farm and suggestions for the homo 
and housewife. There is so much of value in this book that. It is impossible to ade- 
quately describe it in such small space Sufllce to say that it is the kind of a book 
every farmer will appreciate and every farm home ought to have Includes selecting 
the most- suitable engine for farm work, its most convenient and elllcient installation, 
with chapters on troubles, their remedies, and how to avoid them The care and 
management of tho farm tractor In plowing, harrowing, harvesting and road grading 
are fully covert'd, also plain directions arc given for handling the tractor on the road 
Special attention Is given to relieving farm life of its drudgery by applying power to 
the disagreeable small tasks which must otherwise be done by hand Many home- 
made contrivances for cutting wood, supplying kitchen, garden and barn with water, 
loading, hauling and unloading hay, delivering gram to the bins or the feed trough 
are included, also full directions for making the engine milk the cows, churn, wash, 
sweep the house and clean the windows, etc. Very fully illustrated with drawings of 
working parts and cuts showing Stationary, Portable and Tractor Engines doing all 
kinds of farm work. All money-making farms utilize power. Learn how to utilize 
power by reading the pages or this book. It is an aid to the result, getter, invaluable 
to the up-to-date farmer, student, blacksmith, implement dealer and, In fact, all who 
can apply practical knowledge of stationary gasoline engines or gas tractors to advan- 
tage. 530 pages. Nearly ISO engravings. Price $3.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


GASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A. Hyatt 

Verrill. 

The simplest, latest and most comprehensive popular work published on Gasoline 
Engines, describing what the Gasoline Engine is. its construction and operation; how 
to install it; how to select it. how to use it and how to remedy troubles encountered. 
Intended for Owners, Operators atid Users of Gasoline Motors of all kinds. This 
work fully describes ami Illustrates the various types of Gasoline Engines used in 
Motor Boats, Motor Vehicles and Stationary Work. The parts, accessories and 
appliances are described, with chapters on ignition, fuel, lubrication, operation and 
engine troubles. Special attention is given to the care, operation and repair of motors, 
with useful hints and suggestions on emergency repairs and makeshifts A complete 
glossary of technical terms and an alphabetically arranged tahle of troubles and their 
symptoms form most valuable and unique features of this manual. Nearly every 
illustration In the book is original, having been made by the author. Every page is 
full of interest and value A book which you cannot at Turd to be without 2*75 pages 
152 specially made engravings Price $2.00 

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE- 
POWER GAS ENGINE. By Pakkell and Wkki> 

A practical treatise of 300 pages describing the theory ami principles of the action of 
Gas Engines or various types and the design and construction of a half-horsc-power 
Gas Engine, with illustrations of the work In actual progress, together with the dimen- 
sioned working drawings, giving clearly the sizes of the various details, for the student, 
the scientific Investigator, and the amateur im'chanie This book treats of tile subject 
more from the standpoint of practice than that of theory The* principles of operation 
of Gas Engines are clearly and simply described, and then the actual construction of a 
half-horse-power engine is taken up. step by stop, showing in detail the making of the 
Gas Engine, ltd Edition. 300 pages Price $3.00 

HOW TO RUN AND INSTALL GASOLINE ENGINES. By C V&n Culin. 

Revised and enlarged edition just issued The object of this little book is to furnish 
a pocket instructor for the beginner, the busy man who uses an engine for pleasure or 
profit, but who does not have the time or inclination for a technical book, but, simply 
to thoroughly understand how to properly operate, install and care for his own engine. 
The index refers to each trouble, remedy , and subject alphabetically Being a quick 
reference to find the cause, remedy and prevention for troubles, and to become an 
expert with his own engine. Pocket size. (Paper binding. Price 25 cento 


GEARING AND CAMS 


CHANGE GEAR DEVICES. By Oscar E. Peruigo. 

A practical book for every designer, draftsman, and mechanic Interested in the inven- 
tion and development of the devices for feed changes on the different machines requir- 
ing such mechanism. All the necessary information on this subject is taken up, 
analyzed, classified sifted, and concentrated for the use of busy men who have not the 
time to go through the masses of irrelevant matter with which such a subject Is usu- 
ally encumbered and select such information as will he useful to them. 

It shows just what has been done, how it has been done, when it was done, and who 
did it It saves time in hunting up patent records and re-inventing old ideas 3rd 
Edition 101 pages $1.50 

CAMS, LAYOUT AND DRAFTING. By Louis Rouillon. 

A practical w ork on various forms of cams and their design including useful sugges- 
tions for laying out and drafting typical forms Contents 1. Laying Out Cams. 2. 
Drafting Cam Curve. 3 Heart Shape Cain 4 Positive Motion (’am 5 Irregular 
Motion Cam tt Too and Lift Cam 7. Double Contact Cam S Cylindrical Cam. 
9 Cam Belt Shifter 10 Gas Engine Cams. 11 Cam for Mushroom Follower 12. 
Non-roverslble Cams 13 Reversible Cam. 14 Variable Motion 15 Harmonic 
Motion Id Motion Diagram 17 Flat Reciprocating (’am 18. Sleeve (’am 19. 
Face and Drum Cams. 20. Device for Cam Drafting. Revised and Enlarged Edition. 
Paper cover. Price 75 cents 
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HYDRAULICS 


HYDRAULIC ENGINEERING. By Gardner D. IIihcox. 

A treatise on the properties, power, and resources of water for all purposes Including 
the measurement of streams, the flow of water in pipes or conduits, the horse-power 
of falling water, turbine and impact water-wheels, wave motors, centrifugal, recipro- 
cating and air-lift pumps. With 300 figures and diagrams and 30 practical tables 
All who are interested in water- works development will find this book a useful one, 
because it is an entirely practical treatise upon a subject of present importance, and 
raunut fail in having a far-reaching influence, and for this reason should have a place 
in the working library of every engineer Among the subjects treated are Historical 
Hydraulics, Properties of Water, Measurement of the Flow of Streams, Flow- 
ing Water Suface Orifices and Nozzles, Flow of Water in Pipes, Siphons of Various 
Kfnds, Dams and Great Storage Reservoirs, City and Town Water Supply. Wells 
and Their Reinforcement. Air Lift Methods of Raising Water, Artesian Wells, 
Irrigation of Arid Districts, Water Power, Water-Wheels, Pumps and Pumping 
Machinery, Reciprocating Pumps, Hydraulic Power Transmission . Hydraulic 
Mining, Canals, Dredges. Conduits and Pipe Lines. Marine Hydraulics, Tidal and 
Sea Wave Power, etc. 3130 pages. Price 94.60 


ICE AND REFRIGERATION 


POCKETBOOK OF^ REFRIGERATION AND ICE MAKING. By A. J. 

Walli s-T ay lou. 

This is ono of the latest and most comprehensive reference hooks published on the 
subject of refrigeration and roll I storage It explains the properties and refrigerating 
eirect of the different fluids in use, the management of refrigerating machinery and the 
construction and insulation of cold rooms with their required pipe surface for different 
degrees of cold, freezing mixtures and non-freezing brines, temperatures of cold rooms 
for all kinds of provisions, cold storage charges for all classes of goods, ice making 
and storage of ice, data and memoranda for constant reference by refrigerating engineers 
with nearly one hundred tables contammg valuable references to every fact and con- 
dition required in the installment and operation of a refrigerating plant New r 
edition just published. 2 lb pages. 44 illustrations. Price .... $2.00 


INVENTIONS— PATENTS 


INVENTORS’ MANUAL, HOW TO MAKE A PATENT PAY. 

Tills is a hook designed as a guide to inventors In perfecting their inventions, taking 
out their patents and disposing of them. It is not in any sense a Patent Solicitor's 
(circular nor a Patent Broker's Advertisement. No advertisements of any description 
appear in the work. It is a book containing a quarter of a century's experience of a 
successor inventor, together with notes based upon the experience of many other 
inventors. 

Among the subjects treatod in this work are- How to Invent. How to Secure a 
Good Patent Value of Good Invention. How to Exhibit an Invention. How to 
Interest Capital. IIow to Estimate the Value of a Patent. Value of Design Patents. 
Value of Foreign Patents. Value of Small Inventions Advice on Helling Patents. 
Advice on the Formation of Stock Companies. Advice on the Formation of Limited 
Liability Companies Advice on Disposing of Old Patents Advice as to Patent 
Attorney Advice as to Helling Agents Forms of Assignments License and Con- 
tracts. State Laws Concerning J J atent Rights. 1D20 Census of the United States by 
Counts of Over iO.iKMJ Population. Third revised edition. 13S pages. Illustrated. 
Price $ 1.60 
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KNOTS 


KNOTS, SPLICES AND ROPE WORK. By A. Htatt Verrill. 

This is a practical book giving complete and simple directions for making all the most 
useful and ornamental knots in common use, with chapters on Splicing, Pointing, 
Seizing. Serving, etc Tins hook is fully illustrated with one hundred and fifty 
original engravings, which show how each knot, tie or splice is formed, and its appear- 
ance when finished The book will he found of the greatest value to Campers, Yachts- 
men, Travelers, Hoy Scouts, in fact, to anyone having occasion to use or handle oopo 
or knots for any purpose. The book Is thoroughly reliable and practical, and is not 
only a guide, but a teacher It is the standard work on the subject Among the 
contents arc 1. Cordage. Kinds of Hope. Construction of Hope, Parts of Hope 
Cable and Holt Hope, Strength of Itope, Weight of Hope 2 Simple' Knots' and 
.Bends. Terms list'd in Handling Hope Seizing Hope .‘i. Ties and Hitches. 4. 
Moose, Loops and Mooring Knots. 5 Shortenings, Grommets and Salvages. 6. 
bushings, Seizings and Splices 7 Fancy Knots and Hope Work. Third revised 
edition, 104 pages. 151 original engravings Price $1.00 


LATHE WORK 


LATHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICAL 
EXAMPLES OF LATHE WORK. By Owak 14. Pehhiuo. 

A new revised edition, and the only complete American work on the subject, written 
by a man who knows not only how work ought to be done, but who also knows how 
to do it, and how to convey this knowledge to others It is strictly up-to-date in its 
descriptions and Illustrations Lathe history and the relations of the lathe to manu- 
facturing are given, also a description of the various devices for feeds and thread 
cut, ting mechanisms from early eltorts in this direction to the present time Lathe 
design is thoroughly discussed including back gearing, driving cones, thread-cutting 
gears, and all the essential elements of the modern lathe. The classification of lathes 
is taken up. giving the essential difference- of the several types of lathes including, 
as is usually understood, engine lathes bench lathes, speed lathes, forge lathes, gap 
lathes, pulley lathes, forming lathes, multiple-spindle lathes rapid-red net lor lathes, 
precision lathes, turret lathes, special kithtu, electrically -driver lathes etc In addi- 
tion to the complete exposit ion on construction and design much practical mat ter on 
lathe installation, care and operation has been incorporated in Hit- enlarged 1915 edi- 
tion All kinds of lathe attachments for drilling, nulling, etc, are described and 
complete instructions are given to enable the novice machinist to grasp the art of latho 
operation as well as the principles involved in design. A number of difficult machining 
operations are described at length and illustrated. The new edition has nearly 500 
pages and d50 illustrations Trice $3.00 

LATHE WORK FOR BEGINNERS. By Raymond Francis Yates. 

A simple, straightforward text-1 mok for those desiring to learn the operation of a 
wood-turning or metal-turning lathe The first chapter tells how to choose a l.vthe 
and all of the standard types on the market are described Simple and more advimced 
lathe work is thoroughly covered and the operation of all lathe attachments such as 
millers, grinders, polishers, etc . is described Tin* treatment starts from the 4 very 
bottom and leads the reader through to a point where he will be able to handle the 
larger commercial machines with very little instruction The last chapter of the 
book is devoted to things to make on the lathe and includes a model rapid-fire naval 
gun This is the only book published m this country that treats lathe work from 
the standpoint of the amateur mechanic. lt>2 illustrations. About 250 pages 
Price $2,00 


TURNING AND BORING TAPERS. By Fred H. Colvin. 

There are two wavs to turn tapers, the right way and one other. This treatise has 
to do with the right way. it tells you how to start, the work properly, how to set the 
lathe, what, tools to use and how to use them, and forty and one other little things 
that you should know. Fifth edition. Price 36 cents 
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LIQUID AIR 


LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O’Conoh Sloane. 

This book gives the history of the theory, discovery, and manufacture of Liquid Air, 
and contains an illustrated description of all the experiments that have excited tha 
wonder of audiences all over the country Tt shows how liquid air, like water, is 
carried hundreds of miles and is handled in open buckets. It tells what may be ex- 
pected from it In the near future 

A book that renders simple one of the most perplexing chemieal problems of i\w 
century. Startling developments illustrated by actual experiments 
It is not only a work of scientific interest, and authority, but is intended for the general 
reader, being written in a popular style — easily understood by everyone. Third 
edition. Kovisod and Enlarged. 39*1 pages. New Edition. Price . . . $3.00 


LOCOMOTIVE ENGINEERING 


AIR-BRAKE CATECHISM. By Roiihut H. Blackall. 

This book is a standard text-book 1 1, covers the Wesfcinghouso Air-Brake Equipment, 
including the No f» and t he No b E. T Locomotive Brake Eqinpmwit, the K (Quirk 
Service) Triple Valve for Freight Service, and the ( ’ross-( Jomnoimd Pump The 
operation of all parts of the apparatus is evnlained in detail, and a practical way of 
finding their peculiarities and delects, with a proper remedy, is given. It contains 
2,000 questions with their answers, which will enable any railroad man to pass any 
examination cm the subject of Air Brakes Endorsed and used by air-brake instruc- 
tors and examiners on nearh even railroad in the United Stales New edition 710 
pages, fully illustrated with colored plates and diagrams Price $4.00 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 
M. Baku. 

Tills book has been prepared with special reference to the generation of heat by tho 
combustion of the* common fuels found in the United States and deals particularly 
with the conditions necessary to the economic and smokeless combustion of bituminous 
coal in Stationan and Locomotive Steam Boilers. 

Presentation of this important subject is systematic and progressive The ar- 
rangement of the book is in a series oY practical questions to which arc appended 
accurate answers, which describe in language free from technicalities the several 
processes involved in tile furnace combustion of American fuels, it dearly slates tho 
essential requisites for perfect combustion, and points out the best methods of furnace 
construction for obtaining tho greatest, quantity of heat from any given quality of 
coal. Nearly 350 pages, fully illustrated Price $1.50 

DIARY OF A ROUND-HOUSE FOREMAN. By T. S. Reilly. 

Tills is the greatest book of railroad experiences ever published. Containing a fund of 
information and suggestions along xhc line of handling men, organizing, etc . that one 
cannot alTord to miss. 15K pages Price . . . $1.25 

LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Kleinhanh. 

The construction or boilers in general is treated, and, following this, the locomotive 
boiler is taken up in the order in w hich its various parts go < hrougli the shop Shows 
all types of boilers used, gives details of construction, practical facts, such as life of 
riveting, punches and dies, work done per day, allowance for bending and Hanging 
sheets, and other data Including the recent Locomotive Boiler Inspection Laws 
. and Examination Questions with their answers for Government Inspectors Oonlams 
chapters on Laying Out Work. Flanging and Forging, Punching, Shearing, Plate 
Planing, General Tables, Finishing Parts, Bending, Machinery Parts, Riveting, 
Boiler Details, Smoke Box Details, Assemliiing and Calking, Boiler Shop 
Machinery, etc., etc. 

There isn’t a man who has anything to do with boiler work, either new or repair work, 
who doesn’t need this book The manufacturer, superintendent, foreman, and boiler 
worker— all need it. No matter what the typo of boiler, you'll find a mint of informa- 
tion that you wouldn’t be without. 451 pages, 331 illustrations, five large folding 
plates. Price ...... $3.50 


23 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L. 
Fowler. Revised by Wm. W. Wood, Air-Brake Instructor. Just issued. 
Revised pocket edition. 

It is out of the question to try and tell you about every subject that Is covorod in this 
pocket edition of Locomotive Breakdowns Just imagine ail the common troubles 
that an engineer may expect to happen some time, ami then add all of the unexpected 
ones, troubles that could occur, hut that you havo never thought about, and you will 
find that they are all treatixi with the very best, methods of repair Waiscliaert 
Locomotive Valve Gear Troubles, Klee trie Headlight Troubles, as well as Questions 
and Answers on the Air Brake are all included. 293 pages. Kth Revised Edition. 
Fully Illustrated $1.60 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING 

By Georue Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not 
theories, and showing the men in the ranks, from every-day experience, how accidents 
occur and how they may be avoided. The book is illustrated with seventy original 
photographs and drawings showing the safe ami unsafe methods of work. Mo vision- 
ary schemes, no ideal pictures. Just plain facts and Practical Suggestions are given. 
Every railroad employee who reads the hook is a bettor and safer man to have in 
railroad service. It gives just the information which will he the means of preventing 
many injuries and deaths. All railroad employees should procure a copy, read it, 
and do your part in preventing accidents. 109 pages Pocket size. Fully illustrated 
Price 60 cents 

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 
LOCOMOTIVES. By Wm W Wood. 

If you would thoroughly understand t he Walschaert Valve Goar you should possess a 
copy of this book, as the author takes the plainest form of a steam engine —a stationary 
engine in the rough, that will only turn its crank in one direction -and from it builds 
up -with the reader’s help— a modern locomotive equipped with the Walschaert 
valve Gear, complete. The points discussed are clearly illustrated, two largo folding 
plates that show the positions of the valves of both inside or outside admission type, as 
well as the links and other parts of the gear when the crank is at nine different' points 
in Its revolution, are especially valuable in making the movement clear These employ 
sliding cardboard models which are contained in a pocket in the cover 
The hook is divided into five general divisions, as follows 1 Analysis of the gear. 
2. Designing and enacting the gear. 3. Ad vantages of the gear. 1. Questions and 
answers relating to the Walschaert Valvtk,r.ear 5 Setting valves with the Wal- 
Bchuerb Valve Gear, the three primary types of locomotive valve motion, modern 
radial valve gears other than the Walschaert; the Hobart All-free Valve and Valve 
Gear, with questions and answers on breakdowns, the Baker-Pilliod Valve Gear, the 
Improved Bakor-IMlliod Valve Gear, with questions and answers on breakdowns 
The questions with full answers given will be especially valuable to llremon and engi- 
neers in preparing for an examination for promotion. 215 pages. Fully illustrated. 
Third Revised New Edition. Price $2.60 

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. By 

Wm. W. Wood, Air-Brake Instructor. * 

Here is a book for the railroad man, and the man who alms to be one. It is without 
doubt the only complete work published on the Westiughouse E-T Locomotive Brake 
Equipment. Written by an Air-Brake Instructor who knows just what Is needed It 
covers the subject thoroughly. Everything about the New Westinghouse Engine and 
Tender llruke Equipment, including the standard No. 5 and the Perfected No. 6 
stylo of brake, is treated in detail. Written in plain English and profusely Illustrated 
with Colored Plates, which enable one to trace the flow of pressures throughout the 
entire equipment. The best book ever published on the Air Brake. Equally good for 
the beginner and the advanced engineer. Will pass anyone through any examination 
It informs and enlightens you on every point. Indispensable to every engineman and 
trainman. 

Contains examination questions and answers on the E-T equipment. Covering what 
the E-T Brake is How it should lie operated. What to do when defective. Not a 

S uestfon can be asked of the engineman up for promotion, on either the No. S or the 
to 6 E-T equipment, that is not asked and answered in the book. If you want to 
thoroughly understand the E-T equipment get a copy ot this booh. It covers every 

and examinations easy. Second Revised and 
Enlarged Edition. Price $2.60 
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LINK MOTIONS, VALVES AND VALVE SETTING. By Fred H. Colvin, 

Associate Editor of American Machinist. 

A handy book for the engineer or machinist that clears up tho mysteries of valve 
setting. Shows tho different valve gears in use. how they work, and why. Piston 
and slide valves of different t > pcs are illustrated and explained. A book that ovory 
railroad man in tho motive power department ought to have. Contains chapters on 
Locomotive Link Motion, Valve Movements, Setting Slide Valves, Analysis by 
Diagrams, Modem Practice, Slip of Block, Sliee Valves, Piston Valves, Setting Piston 
Valves, Joy- AUen Valve Gear, Walschaert Valve Gear, Gooeh Valve Gear, Alfrue- 
Hubbell Valve Gear, etc., etc. 3rd Edition, 101 pages Fully illustrated Priee 

76 cents 


MACHINE-SHOP PRACTICE 


ABRASIVES AND ABRASIVE WHEELS. By Fkki» B. Jacobs. 

A new book for everyone interested in abrasives or grinding A eareful reading of 
the book will not only make mechanics better able to use abrasives Intelligently, but 
it will also tell the shop superintendent of many short cuts and efficiency-increasing 
kinks The economic advantages in using large grinding wheels art 1 fully explained^ 
together with many other things that will tend to give the superintendent or workman 
a keen Insight, into abrasive engineering 340 pages. 174 illustrations. Tills is an 
indispensable book for every machinist. Price' $3.00 

COMPLETE PRACTICAL MACHINIST. By Joshua Rose. 

The new, twentieth revised and enlarged edition is now ready. This is ono of tho 
best-known books on machine-shop work, and written for tho practical workman 
in the language of the workshop, It gives full, practical instructions on the use of 
all kinds of metal-working tools, both hand and machine, and tells how the work 
should bo properly done It covers lathe work, vise work, drills and drilling, tans 
and dies, hardening and tempering, the making and use of tools, tool grinding, mark- 
ing out work, machine tools, etc No machinist's library Is complete without this 
volume. l£()th Edition .547 pages. 432 illustrations. Price .... $3.00 

HOME MECHANIC’S WORKSHOP COMPANION. By Andrew Jackson, Jr. 

This treatise includes a compilation oAiseful suggestions that cannot fail to interest 
the handy man, and while it Is not intended for mechanical experts or scientists, it will 
prove to be a veritable store of information for anyone who desires to rig up a small 
shop where odd jobs can be carried on. 151) pages, til illustrations. Priee 76 cents 

MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. II. Vandervoort. 

A work of 552 pages and 072 illustrations, describing in every detail the construction, 
operation, and manipulation of both hand and machine tools. Includes chanters 
on filing, fitting, and scraping surlocos. cm drills, reamers, taps, and dies: the lathe 
and its tools; planers, shapers, and their tools, milling machines and cutters, gear 
cutters and gear cutting, drilling machines and drill work, grinding machines and 
their work, hardening and tempering , gearing, belting, and transmission machinery; 
useful data and tables 7 th Edition. 552 pages. 072 illustrations. Price $3.00 

SHOP PRACTICE FOR HOME MECHANICS. By Raymond Francis Yates. 

A thoroughly practical and helpful treatment prepared especially for those who have 
had little or no experience in shop work. The introduction is given over to an elo- 
• mentary explanation of the fundamentals of mechanical science. This is followed 
by several chapters on the use of small tools and mechanical measuring instruments. 
Elementary and more advanced lathe work is treated in detail and directions given 
for tho construction of a number of useful shop appliances. Drilling and reaming, 
heat treatment of tool steel, special lathe operations, pattern making, grinding, and 
grinding operations, home foundry work, etc., make up the rest of the volume. The 
book omits nothing that will be of use to those who use tools or to those who wish 
to loarn the use of tools The great number of clear engravings (over 300) add 
tremendously to the text matt er and to t he value of the volume as a visual instructor. 
Octavo, 320 pages. 309 engravings. Price $3.00 

.25 




CATALOGUE OF GOOD, PRACTICAL BOOKS 


THE WHOLE FIELD OF MECHANICAL MOVEMENTS 
COVERED BY MR. HISCOX’S TWO BOOKS 


We publish two books by Gardner f) Ihstox that will keep you from “ inventing" things 
that have been done before, and suggest ways of doing things that you have not thought of 
before Many a man spends time and money, pondering over stone mechanical problem, 
only to learn, ajtet he has soloed the problem, that the same thing has been accomplished 
and pul m pradice by others tong before Time and money spent m an effort to accom- 
plish what has already been accomplished are time and money LOST The whole field 
of mechanics, every known mechanical movement , and practually every device is covered 
by these two books If the thing you want has been invented, il is illustrated in them. If 
it hasn't been invented . then you'll find in them the nearest things to what you want, some 
movements or devices that will apply in your case , perhaps, or which will give you a key 
from which to work . No book or set of books ever published is of more real value to the 
Inventor , Diaftsman, or practical Mechanic than the two volumes described below. 

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gardner D. 
H incox. 

This Is a collection of l.S'.K) engravings of different mechanical motions and appliances, 
accompanied by appropriate text, making it a hook of great value to the inventor, 
the draftsman, and to all readers with mechanical tastes The book is divided into 
eighteen sections or chapters, In which the subject-matter is classified under the lollow- 
ing heads Mechanical Powers, Transmission of Power, Measurement of Power, 
Steam Power, Air Power Appliances, Electric Power and Construction, Navigation 
and Hoads, (Scaring. Motion and Devices, Controlling Motion, Itorologieal , 
Mining, Mill ami factory Appliances, Construction and Devices, Drafting Devices, 
Miscellaneous Device, etc. 17 th edition enlarged. -Kid octavo pages. Price. $4.00 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVEL- 
TIES OF CONSTRUCTION By (Jaudnku I). Iliseox. 

This Is a supplementary volume to the one upon Mechanical Movements PuUkc the 
first volume, which Is more elementary in character, this volume contains Illustrations 
and descriptions of many combinations of motions and of mechanical devices ami 
appliances found in different lines of inacKncry, each deuce I icing shown by a line 
drawing with a description showing its working parls and the method of operation. 
From the multitude of devices described and illustrated might he mentioned, m 
passing, such items as convenors and elevators, Prony brakes, thermometers, various 
types of boilers, solar engines, oil-fuel burners, condensers evaporators. Corliss and 
other valve gears, governors, gas engines, water motors of various descriptions, air- 
ships, motors and dynamos, automobile and motor bicycles, railway lock signals, 
car couplers, link and gear motions, ball hearings, breech block mechanism for heavy 
guns, and a largo accumulation of others of equal importance 1,000 specially made 
engravings 4 Hi octavo pages 5th Edition charged. Price $4.00 

SHOP KINKS. By Robert Grimhhaw. 

A book of <117 pages and 2(>l illustrations, being entirely different from any other 
book on machine-shop practice Departing from conventional sty le, the author 
avoids universal or common shop usage and Limits his work to showing special ways 
of doing things bettor, more cheaply and more rapidly than usual As a result the 
advanced methods of representative establishments of the world arc placed at the 
disposal of the reader Tills book shows t he proprietor where large sav ings are possible, 
ana how products mav be improved To the employee it holds out suggestions that, 

f roperly applied, will hasten his advancement No shop ran afford to be without it 
t bristles with valuable wrinkles and helpful suggestions. It will bcnellt all, from 
apprentice to proprietor, titli edition. Price $3.00 

THREADS AND THREAD-CUTTING. By Colvin and Sfarel. 

This clears up many of the mysteries of thread -cutting, such as double and triple 
throads, Internal threads, catching threads, use of hobs, etc. Contains a lot of useful 
hints and several tables lth edition. Price 35 cents 
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MACHINE-SHOP ARITHMETIC. Tiy Colvjn-ChenetJ 

This is an arithmetic of the things you have to do with daily. It tolls you plainly 
about how to find areas in llgums, how to find surface or volume of halls or spheres; 
handy wavs for calculating about compound gearing, cutting screw threads on any 
lathe, drilling for taps, speeds of drills, taps, emery wheels, grindstones, milling 
cutters, cte . all about the Metric system with conversion tables, properties of metals; 
strength of bolts and nuts, decimal equivalent of an inch All sorts of machine-shop 
figuring and 1,001 other things, any one of winch ought to bo worth more than 
the price of t his hook to you, and it saves you the trouble of bothering the boss. 8th 
edition. M l pages. Price 75 cents 


MODEL MAKING 


MODEL MAKING Including Workshop Practice, Design and Construction of 
Models. Edited by Raymond F. Yates. Editor of “Everyday Engineering 
Magazine.” 

'Fins hook will help you to become a better mechanic. It is full of suggestions for those 
who like to make things, amateur aud professional alike. It has been prepared es- 
pecially lor men with mechanical hobbies Some may be engineers, machinists, jew- 
elers, pattern makers, otllco clerks or hank presidents Men from various walks of 
lift' have a peculiar interest in model engineering Model Maktno will be a help and 
ail inspiration to such men It tells them “ how-to-do” and “how-to-makc” things 
in simple, understandable terms Not only this, it is full of gooth clear working 
drawings ami photographs of the models and apparatus described Each model has 
been constructed and actually works if it is made according to directions. Second 
revised and enlarged edition -Uis pages MM 7 illustrations. Price . . . $3.00 

SHIP MODEL MAKING 


The only published bonks that unit the lame demand for pirn se instruction on maknuj 
ship models Thin are a neu depai tare in this < lass at hooks — briny so ailistimlly pub - 
Itshed they art a pleasure to have, to reuj and to work with 

HOW TO MAKE WORTH-WHILE MODELS OF DECORATIVE SHIPS. 

By Captain E. Akmjtaue MtCann. 

A practical and timely book which tells how any handy person can make models 
of a picturesque Barbary Pirate hVIucea and a Beautiful Spanish Treasure (lalleon. 
with a lew simple toots and almost without erpense The author, known as “one of the 
world’s ieadmg authorities on ship models," in Ship Model Making gives full- 
sized drawings of every part required This hook describes how to make them, what, 
material to use, how to fasten hfcether and color (hem. how to make the spars and 
rig the ships One does not need to know 1 ships to make these models — the book de~ 
Parities everything m detail . v el one nia\ use one s own ingenuity and artistic sense and 
make them larger or sinalliu than the scale given Profusely illustrated, scale draw- 
ings, colored frontispiece Price $2.50 

HOW TO MAKE A MODEI OF THE U. S. FRIGATE “CONSTITUTION.” 

By Captain E Armitag* McCann 

Every true America i has an affectionate interest in “Old Ironsides"— the ship which 
for more than 100 years has earned the flag to victory and is now being reconditioned 
hv public subscription, because, she represents the Indominable spirit of the Navy 
This volume, by " one of the wot Id's leadwy authorities on Ship Models, tells how, 
without previous training, anyone can make* a simplified or exhaustively particular, 
scale model of this ship 

Th<’ ample description of everything required, 'from tools and material to the finished 
model, aided hv full sized plans and more than 100 specially made illustrations from 
origin’ll eon temporary sources and the latest reconstruction plans, makes the building 
of the model sure and simple Technically correct and complete in itself from start 
to finish Fully illustrated. Colored frontispiece. Price $2.60 
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HOW TO MAKE A CLIPPER SHIP. By Captain E. Armitagf, McCann. 

This practical and timely book kills how any handy person can make a model of the 
American Clipper Ship “ Sovereign of the Sms " — Donald McKay's most )>eaiitiful 
vessel. The author, with ample descriptions, illustrations and full-sized plans of 
every part, tells how, with a few tools, anyone can make a simplified model, wh-'ch, 
while retaining the general appearance, eliminates much work, no also gives all the 
details for those who desire them The entire building and rigging are given to scale 
from start to finish Kit, her simplified or with complete details. Profusely illustrated, 
scale drawings, colored frontispiece. Price $2.50 


MANUAL TRAINING 


ECONOMICS OF MANUAL TRAINING. By Loins Rottillion. 

The only book published that gives Just the Information needed by all interested in 
Manual Training, regarding Buildings, Equipment, and Supplies. Shows exactly 
what is needed for all grades of the work from the Kindergarten to the High ana 
Normal Srhool (lives itemized lists of everything used in Manual Training Work 
and tells Just what It ought, to cost. Also shows where to buy supplies, etc. Contains 
174 pages, and Is fully illustrated. 2d edition. Price $2.00 


MINING 


PROSPECTOR’S FIELD-BOOK AND GUIDE. By H. S. Osborn. 

Ninth edition, revised and enlarged by M W. von Bomowitz. The last, edition of 
tills volume was published in 1!)I0 It and the previous seven editions were suitable 
tor those times The new ninth edition will be found suitable for the present, time. 
While the old-time prospector will always be an important tart, or, the knowledge of 
and search for the common and rarer minerals is bringing out men who are trained to 
some degree In the field they need a handy and suggestive pocket-book containing 
hints on prospecting — where to search and how to test. — couched in simple terms 3G4 
pages. 57 illustrations. Price $3.00 


MOTORCYCLES 

MOTORCYCLES AND SIDE CARS, THEIR CONSTRUCTION, MANAGE- 
MENT AND REPAIR. By Victor W. PagIs, M.E. 

This treatise outlines fully the operation of twup and four-cycle power plants and all 
ignition, carburetion and lubrication systems in detail Describes all representative 
types of free engine clutches, variable speed gears and power transmission systems. 
Gives complete instructions for operating and repairing all types Considers mlly 
electric self-starting and lighting systems, all types of spring frames and spring forks 
and shows leading control methods For those desiring technical information a 
complete series of tables and many formulae to assist m designing are included. 
The work tells how to figure power needed to climb grades, overcome air resistance 
and attain high speeds It shows how to select gear ratios for various weights and 
powers, how to figure braking efficiency required, gives sizes of belts and chains to 
transmit power safely, and shows how to design sprockets, belt pulleys, etc Tills 
work also includes complete formulae for figuring horse-power, shows how dyna- 
mometer tests are made, defines relative efficiency of air- and water-cooled engines, plain 
and anti-friction bearings and many other data of a practical, helpful, engineering 
nature. 2nd Edition. 61)3 pages. 371 specially made illustrations. Cloth Price 

$2.50 

WHAT IS SATD OF THIS BOOK* 

" Here is a book that should bo in the cycle repairer’s kit American Blacksmith. 
"The way for any riflrr to thoroughly understand his machine, is to get a copy 
of tills book, it is worth many times its price.” — Pacific Motorcyclist. 

2 & % 
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MOTOR BOATS 


MOTOR BOATS AND BOAT MOTORS. By Victor W. Pa«6 and A. C. Lbitch. 

All who are interested in motor boats, either as owners, builders or repairmen, will 
find this latest work a most; comprehensive treatise on the design, construction, opera- 
tion and repair of motor boats and their power plants. It is really two complete 
books in one cover as it consists of two parts, each complete in itself. Part One deals 
with The Hull and Its Fittings, Part Two considers The Power Plant and Its 
Auxiliaries. A valuable feature of this book is the complete set. of dimensioned 
working drawings detailing the construction of live dilTerent typos of boats ranging 
from a 10-foot shallow draff, tunnel stern general utility craft- to a 25-fnnt cabin 
cruiser These plans are by A ( 1 Leiteli, a practical boat builder and expert naval 
architect, and are complete in every particular Full instructions are given for the 
selection of a power plant and its installation in the hull. Valuable advice is Included 
on boat and engine operation and latest designs of motors are described and illustrated. 
The instructions for overhauling boat and engine aro worth many times the small 
cost of the book. It is a comprehensive work or reference for all interested in motor 
boating in any of its phases. Octavo. Cloth. 372 Illustrations. 524 pages. 
Price $4.00 


PATTERN MAKING 


PRACTICAL PATTERN MAKING. By F. W. Barrows. 

This book, now in its third cdiiion. ls a comprehensive and entirely practical treatise 
on the subject, of pattern making, illustrating pattern work in both wood and metal, 
and with definite instructions the use of plaster of Paris In the trade. It gives 
specific ami detailed descriptions of the materials used by pattern makers and de- 
scribes the tools, both those tor the bench and the more interesting machine tools; 
having complete chapters on the Lathe, the Circular Haw, and the Band Saw. It gives 
manv examples of pattern work, each one fully illustrated and explained with much 
detail. These example's, in their great variety, oirer much that will be found of 
interest to all pattern makers, and especially to the younger ones, who are seeking 
information on the more advanced branches of their trade. 

In this second edition of the work will be found much that is new, even to those who 
have long practiced this exacting trade In the description of patterns as adapted 
to the Moulding Machine manv dinicmties which have long prevented the rapid and 
economical product, ion of castings are overcome, and this great, new branch of the 
trade r given much space Stripping plate and stool plate work and the loss expen- 
sive Vibrator, or rapping plate work, are all explained in detail. 

Plain, everyday rules for lessening the cost of patterns, with a comploto system of 
cost keeping, a detailed method of marking, applicable to all branches of the trade, 
with complete information showing what the pattern is, its specific title, its cost, 
date of prod net, uni. material of which it, ls made, the number of pieces and core- 
boxes, and its location in the pattern safe, all condensed Into a most complete card 
record, with cross index. « 

The book closes with an original and practical method for the inventory and valua- 
tion of patterns. Third Edition, ('on taming nearly 355 pages and 100 illustra- 
tions Trice $2.50 


PERFUMERY 

PERFUMES AND COSMETICS, THEIR PREPARATION AND MANUFAC- 
• TURE. By (I. W. Ahkinhon, Perfumer. 

A comprehensive treatise, in which there has been nothing omitted that could be of 
value to the perfumer or manufacturer of toilet preparations. Complete directions 
for making handkerchief perfumes, smelling-salts, sachets, fumigating pastilles; 
preparations for the care of the skin, the mouth, the hair, cosmetics, hair dyes and 
other toilet articles are given, also a detailed description of aromatic substances, their 
nature, tests of purity, and wholesale manufacture, including a chapter on synthetic 
products, with formulas for their use A book of general, as well as professional in- 
terest, meeting the wants not only of the druggist and perfume manufacturer, but 
also of the general public. Filth Edition. 392 pages, illustrated, Price $6.00 
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PLUMBING 


MECHANICAL DRAWING FOR PLUMBERS. By R. M. Stahbock. 

A concise, comprehensive and practical treatise on the subject of mechanical drawing 
in its various modern applications to the work of all who are in any way connected 
with the plumbing trade. Nothing will so help the plumber in estimating and In 
explaining work to customers and workmen as a knowledge of drawing, and to the 
workman it is of inestimable value if lu» is to rise above his position to positions of 
greater responsibility Among the chapters contained are I Value to plumber of 
knowledge of drawing, tools required and their use. common views needed in mechan- 
ical drawing 2 Perspective versus mechanical drawing in showing plumbing con- 
struction. 3 Correct, and incorrect, methods in plumbing drawing, plan and elevation 
explained. 4 Hoot and cellar plans and elevation, scale drawings, use of triangles. 
f> Use of triangles, drawing ol liftings, trails, etc b Drawing plumbing elevations 
and lit tings 7. Instructions in drawing plumbing elevations « The drawing of 
plumbing fixtures, scale drawings. \) Drawings of fixtures and fittings. It). Inking 
of drawings 11 Shading of drawings 12 Shading of drawings 13. Sectional 
drawings, drawing ol threads It 1 Mum bing eleval ions from architect’s plan l. r > Ele- 
vations ol sepai ato parts of the plumbing system l(>. Elevations from the architect’s 
plans 17 Diawmgs ol detail plumbing connections, is Architect's plans and plumb- 
ing elevations of residence 10 Plumbing elevations of residence (eon tinned) , plumb- 
¥ ' for' cottage 20 Plumbing elevations, roof connections lil Plans and 

■ . n 4 l. il,l •><> l. - „j: . — „i 


MODERN PLUMBING ILLUSTRATED. By 11. M. Starbiiok. 

This book represents the highest standard of plumbing work It has been adopted 
and used as a reference book by the United Stales (iuvernment, in its sanitary work in 
Cuba, Porto Uico, and the Philippines, and by the principal Boards of Health of the 
United States and Canada 

It. gives connections, sues and working data for all fixtures and groups of fixtures. It 
is helpful to the master plumber in demonstrating to his customers and m figuring 
work. It gives the mechanic and student quick and easy access to the best modern 
plumbing practico Suggestions for estimating plumbing construction arc contained 
in its pages Tins book represents, in a word, the latest and best up-to-date practice 
and should be in the bands of every architect, sanitary engineer and plumber who 
wishes to keep himself up to the minute ou this important, feature of construction 
Contains following chapters, each illustrated with a full-page plate Kitchen sink, 
laundry tubs, vegetable wash sink, lavatories, pantry sinks, contents of maihle slabs, 
bath tub, foot and sit./ bath shower bath, water closets, venting of water closets, low- 
down water closets, water closets operated by flush valves, water closet range . slop sink, 
urinals, the bidet, hotel and restaurant sink, grease trap, refrigerators, safe wastes, laun- 
dry waste, lines of refrigerators, liar sinks, soda fountain sinks, horse stall, frost-proof 
water closets, connections for S traps, vent ingp conned Ions for drum traps, soil pipe 
connections, supporting of soil pipe, main trap and fresh air inlet, floor drains and 
cellar drains, subsoil drainage, water closets and floor connections, local venting, 
connections for bath rooms, connections for bath rooms, continued, connections for 
bath rooms, continued, connections for bath rooms, continued, examples of poor 
practice, roughing work ready for test , testing of plumbing system, method of con- 
tinuous venting, continuous venting for two-floor work, continuous venting for two 
Hues of fixtures on three or more floors, continuous venting of water closets, plumb- 
ing for cottage house, construction for cellar piping; plumbing for residence, use of 
special fittings; plumbing for two-flat house, plumbing for apartment building, plumb- 
ing for double apartment building, plumbing for office building, plumbing for public 
toilet rooms, plumbing for public toilet rooms, continued, plumbing for bath estab- 
lishment, plumbing for engine house, factory plumbing; automatic flushing for 
schools, factories, etc , use of flushing valves, urinals for public toilet rooms; the 
Durham system, the destruction of pipes by electrolysis, construction of work without 
use of lead, automatic sewage lift, automatic sump tank; country plumbing, construc- 
tion of cesspools, septic tank and automatic sewage siphon; country plumbing, water 
supply for country house, thawing of water mains and service by electricity, double 
boilers, hot. water supply of large buildings, automatic control of hot water tank, sug- 
gestion for estimating plumbing construction. 407 octavo pages, fully illustrated by 70 
full-page engravings. Fifth, revised and enlarged edition. Price . . . $ 6.00 
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STANDARD PRACTICAL PLUMBING. By It. M. Stahhi ok. 

A complete practical treatise of 450 pages covering the subject of Modern Plumbing 
in all its branches, a large amount of space being devoted to a very complete and 
practical treatment of the subject of Hot Water Supply and (hrculation and Range 
Boiler Work Its thirty chapters include about every phase of the subject one can 
think of. making it an indispensable work to the master plumber, the journeyman 
plumber, and the apprentice plumber, containing chapters on the plumber’s tools, 
wiping solder, composition and use. joint wiping, lead work, traps, siphonage of 
trails, venting, continuous venting; house sewer and sewer coimeelioNs. house drain, 
soil piping, roughing, main trap and fresh air Inlet, Moor, yard, cellar drains, rain 
leaders, etc , fixture wastes, water closets, ventilation, unproved plumbing connec- 
tions. residence plumbing, plumbing for hotels, schools, factories, stables, etc , 
modern cnuutrv plumbing, filtration of sewage and water supply, hot and eolil 
supply, range boilers, circulation, circulating pipes, rango boiler problems, hot 
water for large buildings, water lift and Its use. multiple connections for hot water 
boilers, heating of radiation by supply system, theory for the plumber, drawing for 
the plumbei Eighth revised and enlarged edition Ui pages Pully illustrated 
by 1104 engravings. Price $4.00 


RADIO BOOKS 


THE A B C OF VACUUM TUBES USED IN RADIO RECEPTION. By K H. 
Lewis. 

'Fills IS the book for the person who wishes to know what goes on in the inside of a 
vacuum tube when if is used m a radio receiving circuit It is especially valuable 
to the person who knows nothing about radio and very little if anything about, elec- 
tricity No previous technical knowledge is necessary to understand it lhe book 
is also of greai value to t he experimenter who is just taking up (be fascinating study 
of vacuum tube operation 

Starling with an explanation of elementary electrical terms and list of symbols the 
functioning of various vacuum tidies as detectors and amplifiers is explained step by 
step in an easily understandable manner The subject or speech distortion, one ol 
the dillleulties frequent Iv encountered m radiophone reception today, is discussed and 
its elimination pointed out Variou '■•practical circuits are shown and discussed No 
technical terms are used without their meaning being first explained. 132 pages 
4K illustrations Price . ..... 76 cents 

CONSTRUCTION OF A MODERN SUPER-HETERODYNE TYPE RECEIVER 
INCLUDING TESTING AND OPERATION. Hy a Staff of Radio Engineers 
— j ()HN ]r Jt Anderson, Arthur ('. C. Mills and Elmer II. Lewis. 

This booklet with the drawings Accompanying same give the most detailed informa- 
tion on the complete const ruction ol a modern type or Super- Heterodyne winch is 
extremely sensitive, selective and non-radiating and a I the same time insures excellent 
quality of reproduction when used with a high quality loud speaker Very complete 
information on the testing of all parts of tin circuit as well as the complete receiver 
are given The directions for operating the set are also very complete Directions 
arc included for slightly altering the wiring of the receiver to accommodate dry cell 
tubes instead of the standard types which require storage batteries lhe design 
may be altered for the use of a loop instead of an open antenna m accordance with 
the instructions given Price ... ■ $1.00 
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EXPERIMENTAL WIRELESS STATIONS. By P. E. Edklman. 

The theory, design. construction and operation is fully treated including Wireless 
Telephony, Vamuin Tube, and quenched spark systems. The new enlarged edition 
is just issued and Is strictly up to date, correct and complete. This book tells 
how to make apparatus to not only hear all telephoned and telegraphed radio mes- 
sages, hut also how to make simple equipment that works for transmission over rea- 
sonably long distances Then there js a host of new information included The 
first and only hook to give you all the recent important radio improvements, some 
of which have never belore been published. This volume anticipates every need of 
the reader who wants the gist of the art, its principles, simplified calculations, appara- 
tus dimensions, and understandable directions fur efficient operation. 

Vacuum tube circuits, amplifiers, long-distance sets, loop, coil, and underground 
receivers, tables of wave-lengths, capacity, inductance, such are a few m the sub- 
jects presented in detail that satisfies, it is independent and one of the few that 
describe all modern systems. 

Endorsed by foremost instructors for its clear accuracy, preferred by leading amateurs 
for its dependable designs The new ex peri mental Wireless Stations is sure 
to be most satisfactory for your purposes. 27 chapters, 302 pages. 107 illustra- 
tions. Trice $2.00 

HENLEY'S 222 RADIO CIRCUIT DESIGNS. By John E. Anderson, Arthur 
C. C. Mills nml Elmer II. Lewis. 

An entirely new and thoroughly practical book on radio circuit, designs which will 
meet the needs of every radio enthusiast, w hether novice or expert, amateur or pro- 
fessional. It is repleto with correct and trustworthy radio information from which 
any one can successfully build and operate any of the circuits given. Contains the 
largest collection of radio circuits and hook ups ever published and includes all the 
standard types and latest developments. 

This new book treats the subject, in an entirely different and novel way, as it is the 
only book that illustrates the complete electrical design of the circuits, showing the 
electrical values of inductances, capacities and resistances, with the name of each 
element cm the diagram of the circuit. 

The book explains in simple words the principles of operation of every circuit, described 
and the functions of all of the component, pieces of apparatus -but carefully avoids 
needless theory. It is so simple that the novice will understand it, so thorough that 
he can build successfully any circuit it contains without any other assistance; so 
suggestive of lmw circuit arrangements that (tie most insatiable experimenter will 
find it an inexhaustible source of circuits; so comprehensive that tlm most advanced 
amateur will find inspiration in its pages; so complete and conveniently arranged 
that the expert radio engineer will find it an Invaluable and handy reference volume 
so thoroughly indexed that the reader can find at once just ihe circuit information 
he is seeking, it is a veritable fountain of authoritative radio i n formation. 1 1 brings 
to the side of every experimenter the results of research in the largest industrial, 
university, and government radio laboratories, and the expert knowledge ol the 
greatest radio engineers, it is the radio experimenter's indispensable assistant — 
his Inseparable laboratory companion. f 

Tti addition it contains a list of all symbols and a glossary of all technical terms u-ed 
in the hook; a revised and up-to-date list of all the important broadcasting stations 
in tho United States and Canada, together with their operating wave lengths or 
frequencies. 271 pages. 2S \ diagrams. Price $100 

HENLEY’S WORKABLE RADIO RECEIVERS. By a Staff of Radio Engi- 
neers -John E. Anderson, Arthur C. C. Mills and Elmer If. Lewis. 

An authoritative book on practical receiving sets of modern design with complete 
explicit directions for building them. This new hook contains complete descriptions 
of many types of receivers, which, by long experience have proved to be the most, sat- 
isfactory from the viewpoints of selectivity, sensitivity, convenience and economy 
of operation, dependability, and quality of reproduction It gives in greatest detail 
circuit and wiring diagrams, panel and baseboard layouts and drilling templates, so 
that any amateur mav build a successful receiver from the directions given. It also 
includes a discussion on the principles underlying each circuit, and shows clearly how 
to test and calibrate the receivers. 11)0 pages with 1 1G specially made engravings. 
Price $1.00 
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SPECIAL TWENTY-FIVE CENTS RADIO BOOKS 

These inexpensive hooks contain a wealth of essential Radio informa- 
tion, They answer thousands of questions about the art and science 
of Radio Telegraphy and Telephony , in language so simple that the 
most inexperienced novice and amateur can easily understand . 

Every branch of the art is thoroughly and systematically covered , 
detailed information being given. Experimenters will find in them a 
storehouse of ideas and helpful hints , 


DESIGN DATA FOR RADIO TRANSMITTERS AND RECEIVERS. By 

Milton B. Sleeper. 

Far from being a collodion of formulas, Design Data takes up in proper sequence the 
problems encountered in planning all types of receiving sets for short, medium and 
long wavo work, and spark coil, transformer and vacuum tube transmitters operating 
on 200 meters. Tables have bin'll worked out so that values can be found without 
the use of mathematics. Radio experimenters will find hero information which will 
enable them to lia\o the most modern and efficient equipment. Trice . 26 cents 


HOW TO MAKE COMMERCIAL TYPE RADIO APPARATUS. By M. B. 

SLEEPER. 

This book describes In detail many commercial types of spark and vacuum tube tele- 
phone transnutling and telegraph and phono receiving equipment of all kinds The 
experimenter will be able to get a work! of ideas for the construction of his next piece 
of radio equipment from the very clear descriptions and the 96 clearly illustrated 
figures. 1 fit) pages. Trice 26 cents 


IDEAS FOR THE RADIO EXPERIMENTER’S LABORATORY. By M. B. 

Sleeper . • 

This book Is indispensable to the radio experimenter who desires t«o get maximum 
information and enjoyment out. of his experiments. It, fully describes such laboratory 
essentials as oscillators, wave-rnet ers, vacuum tube characteristics, measuring circuits, 
and many others. It describes the construction and explains the advantages of vari- 
ous cods’ and shows how their inductions »«av be calculi# tod 134 pages. 60 illus- 
trations Prico . ... 26 cents 


RADIO EXPERIMENTER'S hJLND BOOK. By M. B. Sleeper. 

In t hese days when the Radio Set is almost as necessary in the home as the Phono- 
graph, there has been a great need of a book which tells in concise way the "Why" 
of Radio-- What makes It work How to build simple transmitters and receivers. 
Answers the practical questions of the novice, the beginner and the advanced student. 
Gives detailed descriptions of many types of receiving circuits including the crystal, 
audion, regenerative, also amplifiers and oscillators It is a handy reference book 
and no up-to-date radio library is complete without a copy. 143 pages. 16 chapters. 
82 engravings. Price 26 cents 


RADIO HOOK-UPS. By Milton B. Sleeper. 

In this book the best circuits for different instruments and various purposes have been 
carefully selected and grouped together. All the bost circuits for damped and un- 
damped wave receiving sets, buzzer, spark coll and transformer sending equipment, as 
well as vacuum tube telegraph and telephone transmit ters, wavemoters, vacuum tube 
measuring instruments, audibility motors, etc., are shown in this book. 26 cents 
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RECIPE BOOK 


HENLEY’S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND 
PROCESSES. Edited by Gardner D. IIikcox. 

The most valuable* Techno-chemical Formula Book published, including over 10,000 
selected scientific, chemical, technological, and practical recipes and processes. 

Tills is the most complete Book of Formulas ever published, giving thousands of 
recipes for the manufacture of valuable articles for everyday use. flints. Helps, 
Practical Ideas, and Secret Processes are revealed within its pages. It covers every 
branch of the useful arts and tells thousands of ways of making money, and is just the 
hook everyone should have* at his command 

Modern in its treatment of every subjtx’t that properly falls within Its scope, the hook 
may truthfully be said to present the very latest formulas to be found in tile arts and 
industries, and to retain those processes which long experience has proven worthy of a 
permanent record To present here even a limited number of the subjects which find 
a place in this valuable work would be difficult. Suffice to say that in Its pages will 
he found matter of intense interest and immeasurably practical value to the scientific 
amateur ami to him who wishes to obtain a knowledge of the many processes used in 
the arts, trades and manufacture, a knowledge which will render Ills pursuits more 
instructive and remunerative. Serving as a reference book to the small and large 
manufacturer hud supplying Intelligent seekers with the information necessary to 
conduct a process, Hie work will be found of inestimable worth to the Metallurgist, the 
Photographer, the Perfumer, the Painter, the Manufacturer of Glues, Pastes, Cements, 
and Mucilages, the Compounder of Alloys, the Cook, the Physician, the Druggist, the 
Electrician, the Brewer, the Engineer, the Foundryman, the Machinist, the Potter, the 
Tanner, tho Confectioner, the Chiropodist, the Manicure, the Manufacturer of Chem- 
ical Novelties and Toilet Preparations, the Dyer, the Electroplate!' , the Enamclcr, the 
Engraver, the Provisioned the Glass Worker, the Goldbeater, the Watchmaker, the 
Jeweler, the llat Maker, the Ink Manufacturer, the Optician, the Farmer, the Dairy- 
man, the Paper Maker, the Wood and Metal Worker, the Chandler and Soap Makor, 
the Veterinary Surgeon, and the Technologist in general 

A mine of information, and up-to-date in every respect. A book which will prove of 
value to EVERYONE, as it covers every branch of the Useful Arts Every homo 
needs tills book, every office, every factory, every store, every public and private en- 
terprise — EVEl^ WHERE — should have a ropy New edition recently published 
to which has been added an illustrated chapter on Useful Workshop and Laboratory 
Methods. JS07 pages. Cloth Bound. Pifee $4.00 

Red Fabrakoid Binding. Price 6.00 

WHAT IS SAID OF THIS BOOK: 

"Your Twentieth Century Book of Recipes, Formulas, and Processes duly received. 
I am glad to have a copy of it, and if I could not replace it, money couldn't buy it. It 
is the best thing of the sort 1 ever saw." (Signed) M E Tnux, Sparta, Wis 
“There an* Tew persons who would not be able to find in the book some single formula 
that would repay several times the cost of the book." — Merchants' Record and Show 
Window. 1 

"T purchased your book ‘Henley’s Twentieth Oontury Book of Recipes, Formulas and 
Processes' about a jear ago and it is worth its weight in gold "— Wm. H. Murray, 
Bennington, Vt. 

‘THE BOOK WORTH THREE HUNDRED DOLLARS" 

"On close examination of your 'Twentieth Century Receipt Book,' 1 find It to be a 
very valuable and useful book with tho very host of practical information obtainable. 
The price of the book. $4 00. is very small in comparison to the benefits which one can 
obtain from it- 1 consider the book worth fully three hundred dollars to anyono.’ fc 
— Du. A. C. Spettr, New York. 

"ONE OF THE WORLD’S MOST USEFUL BOOKS" 

"Some time ago, I got one of your 'Twentieth Century Books of Formulas’ and have 
made my living from it ever since 1 am alone since my husband's death with two 
small children to care for and am trying so hard to support them. I have customers 
who take from me Toilet Articles I put up. following directions given in the book, 
and I have found every one of them to be fine."- Mrs. J. H. McMaken, West Toledo, 
Ohio. 
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'METAL WORKER’S HANDY-BOOK OF RECEIPTS AND PROCESSES. 

By William T. Buannt. 

This book is a, collection of chemical formulas and practical manipulations for the 
working of all tile metals and alloys; including the decoration and beautifying of arti- 
cles manufactured therefrom, as well as their preservation. Edited from various 
sources. New enlarged edition containing new chapters on flame welding and cut- 
ting, thermit welding, electric welding, galvanizing, School/ s spray proems. Shera- 
dizing and die casting. Cloth, 582 pagas, 82 illustrations. Price. . . . $3.00 

TECHNO-CHEMICAL RECEIPT BOOK. By William T. Buannt and 
William H. Wahl. 

This well-known Receipt Book is a mine of accurate information that, everyone may 
work to great advantage It is encyclopedic in range, yet gives only the best, formulas 
for each preparation or operation, and thorough tests by competent men guarantee 
their intrinsic merit There is something here for all — for the manufacturer fntereMed 
in alio vs, explosives, earthen wan* or leather - for the ronfix’tioner looking for attractive 
specialties for the engineer annoyed l»> boiler encrustations— for the painter and 
decorator wishing to improve* Jus processes and methods — for the* woman who would 
restore a feather or clean a pair of gloves 

The arts, the industries and the household may each profit, by thy world- wide expe- 
rience that has been condensed between two covers of tins volume Knrmulas the 
most shrewd and persistent investigators have sometimes discovered and perfected 
only after years of experimentation are here exactly set down The library or the 
laboratory, the factory or the home is not complete without this handy and useful 
reference volume. 510 pages. 7is illustrations Price . .... $2.50 


SOAP MAKING 


AMERICAN SOAP MAKERS’ GUlbE. By ]’. B. Mkf.ubott. 

Soap and Chemual Manuiatturpr and Chemist; Former Instructor of Industrial 
Chemistry and 1. V. Ktanlfy Stanislaus, Chemual Engineer; Associate Professor, 
Brooklyn College of Pharmacy , Author of Stanislaus’ and Kimberley's Short Pharma- 
ceutic Chemistry; Former President Philadelphia Brandi American Pharmaceutical 
Association , Member Suentiju Societies , etc. 

An up-to-the-minute treatise on the art and science of the manufacture of soap, 
candles and allied toilet preparations Tins Is the most complete and exhaustive 
book in the English language I’he previous editions by Wlllaim T. Brannt., on 
which this volume is partly based, were widely in demand by the trade, which testi- 
fies that t.hev offered information of distinct practical value The present,, third, 
edition has been thoroughly revised, enlarged, entirely reset and brought, to date by 
the addition of manv new chapters, all of which are of paramount importance to the 
soap industry of this country which has steadily grown in the past five decades— 
which is the* history of this book - to a position of dignity due its steady and pro- 
gressive development. America having risen to the all-important and enviable posi- 
tion of being the largest, soap-exporting nation in the world, the progress made in the 
soap industry has been phenomenal The new edition contains every modern practice 
in the development of the industry The physical and chemical constants ofoil and 
fats have change*!, and the new edition contains a complete list with modern ^Seda- 
tions for yield, etc. The recovery of glycerin, use of fatty acids, special soaps* %r 
exacting purposes, especially fitted for textile uses are in great demand. All these 
subjects arc; fully treated in the new edition. An entirely new chapter on the manu- 
facture of candles has been added, while the use of synthetics in the perfuming of soaps 
is fully treated This Is the most important and thoroughly up-to-date hook ever 

S ublished on this important, subject. 800 pages. 6x9 inches Cloth binding. 105 
lustrations. Price .... $10.00 
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RUBBER 


RUBBER HAND STAMPS— MANIPULATION OF INDIA RUBBER AND 
THE PREPARATION OF RUBBERIZED FABRICS. By T. O'Connor 
Sloane. 

ThJs book gives full details on all points, treating in a concise and simple manner the 
elements or nearly everything it is necessary to understand for a commencement in 
any branch of the lnda Rubber Manufacture The making of all kinds of Rubber 
Hand Stamps, Small Articles of India Rubber, U, 8 Government Composition, Dating 
Hand Stamps, the Manipulation of Sheet Rubber, Toy balloons, India Rubber Solu- 
tions, Cements, Blackings, Renovating Varnish, and Treatment for India Rubber 
Shoes, etc,, the H ecktograph Stamp Inks, Rubberized Fabrics, Rain Coats, Rubber 
Glove Making, Fire and Garden Hose Manufacture, Miscellaneous Notes, with a Short 
Account of the Discovery, Collection and Manufacture of India Rubber, are set forth 
in a manner designed to be readily understood, the explanations being plain and simple. 
Including a chapter on Rubber Tire Making and Vulcanizing, also a chapter on the 
uses of rubber m Surgery and Dentistry. Fourth revised and enlarged edition. 
222 pages. Illustrated Price ... $2.00 


SAWS 


SAW PILING AND MANAGEMENT OF SAWS. By Robert Grimshaw. 

A practical hand-book on filing, gumming, swaging, hammering, and the brazing of 
band saws, the speed, work, and power to run circular saws, etc A handy book for 
those who have charge of saws, or for those mechiuiirs who do their own filing, as it deals 
with the proper shape and pitches of saw tooth or all kinds ami gives many useful hints 
and rules for gumming, setting, and filing, and is a practical aid to those who use saws 
for any purpose. Complete tallies of proper shape, pitch, and saw teeth as well as 
sizes anil uumber of teeth of various saws are included. Fourth edition, revised and 
enlarged. Illustrated. Price $1.60 


SCREW CUTTING 


THREADS AND THREAD-CUTTING. By Colvin and Stable. 

This clears up many of the mysteries of thread-cutting, such as double and triple 
threads, internal threads, catching threads, use of hobs, etc. Contains a lot of useful 
hints and several tallies. Fourth Edition. Price 36 cents 


STEAM ENGINEERING 


ENGINE RUNNER’S CATECHISM. By Robert Grimshaw. 

A practical treatise for the stationary engineer, telling how to erect, adjust, and run 
the principal steam engines in use in the United States. Describing the principal 
features of various special and well-known makes of engines Temper Cut-olf . Shipping 
and Receiving Foundations, Erecting and Starting, Valve Setting, Care and Use, 
Emergencies, Erecting and Adjusting Special Engines, 

The questions asked throughout the catechism are plain and to the point, and the 
answers are given in such simple language as to be readily understood by anyone. All 
the Instructions given are complete and up-to-date, and they are written in a popular 
style, without any technicalit ies or mathematical formula. The work is of a handy 
size for the pocket, clearly and well printed, nicely bound, and profusely Illustrated. 
To young engineers tills catochistn will be of great value, especially to those who may 
be preparing to go forward to be examined for certificates of competency ; and to 
engineers generally it will be of no little service, as they will find in this volume more 
really practical and useful information than is to be found anywhere else within a like 
compass. 387 pages. Seventh edition. Price $2.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


AMERICAN STATIONARY ENGINEERING. By W. E. Crank. 

This book begins at the holler room and takes In the whole power plant. A plain 
talk on evory-day work about engines, boilers, and their accessories. It is not intended 
to be scientific or mathematical. All formulas are In simple form so that anyone 
understanding plain arithmetic can readily understand any of thorn The author 
has made this the most practical book in print . has given the results of Ids years of 
experience, and lias included about all that has to do with an engine room or a power 
plant. You are not left to guess at a single point. You are shown clearly what to 
expect under the various conditions, how to secure the best results, ways of prevent- 
ing "shut downs" and repairs, in short, all that goes to make up the requirements 
of a good engineer, capable of taking charge of a plant. It's plain enough for practical 
men and yet of value to those high in the profession. 

A partial list of contents is- The boiler room, cleaning boilers, firing, feeding; pumps, 
inspection and repair, chimneys, sizes and cost; piping, mason work, foundations, 
testing cement, pile driving, engines, slow and nigh speed, valves, valve setting; 
Corliss engines, setting valves, single and double eccentric, air pumps and condensers; 
different typos of condensers, water needed, lining up. pounds, pins not square in 
crosshead or crank, engineers’ tools, pistons and piston rings, bearing metal, hard- 
ened copper, drip pipes from cylinder jackets, belts, how made, care of; oils, greases, 
testing lubricants, rules and tables, including steam tables, aroas of segment, 
squares and square roots, cubes and cube root, areas and circumferences of circle. 
Notes on Brick work, explosions; pumps, pump valves, heaters, economizers, 
safety valves, lap. lead, and clearance. Has a complete examination for a license, 
0 etc., etc. Tlurd edition. 311 pages. 131 Illustrations, Price. . , , $2.60 

HORSE-POWER CHART. 

Shows the horse-power of any stationary engine without calculation. No matter what 
the cylinder diameter of stroke, the steam pressure of out-olT, the revolutions, or 
whethor condensing or non-condensing, it's all there. Easy to use, accurate, and 
saves time and calculations. Especially useful to engineers and designers. 50 cents 

STEAM ENGINEER’S ARITHMETIC. By CobviN-CnENEY. 

A practical pocket-book for the steam engineer. Shows how to work the problems of 
the engine room and shows “why " Tells how to figure horse-power of engines and 
boilers, area of boilers, has tables of areas and circumferences, steam tables, has a 
dictionary of engineering terms. Puts you on to all of t lu* little kinks in figuring what- 
ever there is to figure around a power plant Tells you about the heat unit, absolute 
zero, adiabatic expansion, duty of engines, factor of safety, and a thousand and one 
other things; and everything is plain and simple — not the hardest way to figure, but 
the easiest. Fourth Edition. 132 papjs. Price 76 cents 

STEAM ENGiNE TROUBLES. By H. IIamkens. 

It is safe to say' that no book has ever been published which gives the practical en- 
gineer such valuable and comprehensive information on steam engine design and 
troubles. 

Not only does it describe the troubles the principal parts of steam engines are subject 
to, it contrasts good design with had, points out the most suitable material for certain 
parts, and the most approved contraction of the same, it- gives directions for correct- 
ing existing evils by following which breakdowns and cosily accidents can be avoided. 
Just look Into the nature of the information tills book gives on the following sub- 
jects. There are descriptions of cylinders, valves, pistons, frames, pillow blocks and 
other bearings, connecting rods, wrist-plates, dashpots, reachrods, valve gears, gover- 
nors, piping, throttle and emergency valves, safety stops, fly-wlieels, oilers, etc. If 
there is any trouble with these parts, the book gives you the reasons and tells how to 
remedy them. 

The principal considerations in the building of foundations are given with the size, 
area and weight required for the same, also the setting of templets and lining up, and 
* a complete account, of the erection and " breaking in” of new engines in the language 
of the man on the Job. 

Contains special chapters on: T. Cylinders. II. Valves. III. Piping and Separa- 
tors. IV. Throttle and Emergency Valves. V. Pistons. VI. Frames. VII Bear- 
ings. VIII. Connecting Rods. IX. Hookrods X Dashpots. XI. (iovernors. 
XII Releasing Gears. XIII. Wristplates and Valve Motions XIV. Rodends and 
Bonnets. XV. Oilers. XVI. Receivers XVI I. Foundations XVIII. Erection. 
XIX. Valve-Sotting. XX. Operation. 2S4 pages. 276 illustrations. Price $2.60t 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

STEAM HEATING AND VENTILATION 


PRACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. By 
A. G. King. 

This hook is the standard and latest work published on the subject and has been pre- 
pared for the use of all engaged in the business of steam, hot-water heating, and ventila- 
tion. It is an original and exhaustive work Tells how to get heating contracts, how 
to install heating and ventilating apparatus, the* best business methods to he used, 
with “Tricks of the Trade” for shop use Rules and data for estimating radiation 
and cost and such tables and information as make it an indispensable work for every- 
one interested in steam, hot- water heating, and ventilation It describes all the principal 
systems of steam, hot-water, vacuum, vapor, and vacuum-vapor heating, together 
with the new accelerated systems of hot-water circulation, including chapters on 
up-to-date methods of ventilation and the fan or blower system of heating and ventila- 
tion. Containing chapters on: 1 Introduction II Heat. ill. Involution of 
artificial heating apparatus IV. Boiler surface and settings. V The chimney flue. 
VT Pipe and fittings. VII Valves, various kinds VII 1. Forms of radiating 
surfaces. IX. Locating of radiating surfaces X. Estimating radiation XI Steam- 
heating apparatus XII Exhaust-steam heating. XIII Hot-water heating XIV. 
Pressure systems of liot-water work. XV llot-water appliances. XVI Greenhouse 
heating XVII. Vacuum vapor and vacuum exhaust lieatmg XVI IT Miscella- 
neous heating. XIX. Radiator and pipe connections XX. Ventilation XXI, 
Mechanical ventilation and hot-blast heating. XXII Steam appliances XX11I. 
District healing. XXIV Pipe and boiler covering. XXV. Temperature regulation 
and heat control. XXVI Business methods. XXVII. Miscellaneous XXVTIT. 
Rules, tables, and useful information. 551 pages. 39G detailed engravings Fifth 
Edition — Revised. Price $4.00 

WHAT IS SA»D OF THE BOOK 

" I want to say that your book is wot h its weight in gold to anyone in the heating 
business As old and experienced as I am myself, I have got some very good pointers 
out of it I have other books, but they don't explain the figuring as plainly as the 
A. G. King’s book on Heating — F K Davis, Indianapolis, Indiana 
“ In this (look the author, a man ol large experience, presents the latest and best 
methods of steam and hot water healing It will be found a handbook of great 
value to the heating engineer, architect and others interested in erecting or ordering 
work of this class.” — Architects' and Buildcn' Magazine . 

BOO PLAIN ANSWERS TO DIRECT QUESTIONS ON STEAM, HOT-WATER, 
VAPOR AND VACUUM HEATING PRACTICE. By Alfred <J. King. 

This work, just off the press, is arranged m question and answer form , it is intended as 
a guide and text-hook for the younger, nexpeneuced fitter and as a reference hook for 
all titters. This hook tells "how” and also tolls "why " No work of its kind has 
over been published. It answers all the questions regarding each method or system 
that would be asked by the steam fitter or heating contractor, and may lie used as a 
text or reference book, and for examination questions by Trade Schools or Steam 
Fitters’ Associations. Rules, data, tallies and descriptive methods are given, to- 
gether with much other detailed information of daily practical use to those engaged in 
or interested in the various methods of heating. Valuable to those preparing for 
examinations. Answers every question asked relating to modern Steam, Hot-Water, 
Vapor and Vacuum Heating. Among the contents are The Theory Laws of 
Heat. Methods of Heating. Chimneys and Flues Boilers for Heating. Boiler 
Trimmings and Settings. Radiation. Steam Heating. Boiler, Radiator and Pipe 
Connections for Steam Heating Hot Water Heating. The Two-Pipe Gravity 
System of llot Water Heating. The Circuit System of Hot Water Heating The 
Overhead System of Hot Water Heating Boiler, Radiator and Pipe Connections for 
Gravity Systems of Hot Water Heating. Accelerated Hot Water Heatjng Ex- 
pansion Tank Connections Domestic Hot Water Heating. Valves and Air Valves, 
Vacuum Vapor and Vacuo- Vapor Heating. Mechanical Systems of Vacuum Heating. 
Non- Mechanical Vacuum Systems Vapor Systems Atmospheric and Modulating 
Systems. Heating Greenhouses Information, Rules and Tables Second Edition. 
253 pages. 157 illustrations. Octavo. Cloth. Price ... $2.60 
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